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S$@CTION kb 
Definitions and Principles. 


1. AVIGATION is che art of conducting a ſhip from one 
| port to another. OP | 2 
Ibis art may be divided into two parts; namely, Mechanical and 
Theoretical. „„ 
_, Mgecxanicar, or Wok KING NaviGaTIoN, comprehends the art of 
working a ſhip; that is, of cauſing it to obſerve ſuch motions and di- 
rections as are aſſigned by the Navigator. | 


This art muſt be learned on ſhipboard, and in the practice of hiling. 
— *THEORETICAL NAVIGATION, or the art of Piloting, concerns thoſe 
methods by which the Navigator, or Pilot, diſcovers in what track the 
ſhip muſt ſteer, ſo as to arrive faye at the intended port. 
Ihe art of Piloting is either common or proper. | | 
- Common PILoTING is that knowledge which teaches how to coaſt 
along ſhore, or to fail. within fight of land. | 92 
PROPER PILOTING is the art of failing to diſtant places through the 
ocean, and out of ſight of land. Ei "Wy | 
The art of proper Piloting, (which partly includes that of common 
= piloting) chiefly depends on a right application of the principles contained 
in the preceding books, | | 


Ld 


| _—_—_ LANE S LIN 8. ” Book wi 


RY The navigating or Coil of a ſhip I Ocean to na 


tant countries, depends on the 1 pod 8 IE forehand furm 
with the following elements. 75 


| | 192 
xſt. A Table of the latitudes and Wee de of: the moſt e 


parts of the Sea-coalts, Wk Rocks, 3 7h Ge. in WP el | 


parts of the world. 408 
ad. Maps or Charts of the 2 Wl and tarts ; her wins the 4. 
cf water, and the times and 8. of the BO. upon the Coutts 9 5 he 
| may have occaſion to ND... | | fy, 
34. The uſe and application of Kron ia en neceſſary to Point 
out the way the ſhip is to ſteer, to meaſure the rate ſhe runs at, and to 
find the place ſhe is in at any time. 3 
Ath. A ſufficient tothe of übe mate wand to enable him. rightly 


to uſe the e pg that Hy bs deduced from the preceding ele- 
ments. e 


— 


The hütudes and longitudes of places ! be Seit abtailed, 
than from proper obſervations made by perſons who have been' in thoſe 
places: conſequently, the collecting of a ſufficient number of theſe mutt 
be the work of many ages. And henee. ariſes the great uncertainty of 


the poſition of many places, and even of the little knowledge we have of 


many parts on the ſurface of the 'Terraqueous globe. See the Geogra- 


BY Table at the end of Book VI. 


a 


— 


3. The Maps of Cpuntties, and the Charts Xa the Da and thete 
| "rains; are made chiefly from the catalogue of the latitudes and lon- 
gitudes of places. - But where theſe are partly wanting, and a good col- 


lection of the poſitions and diſtances of places can be obtained, thoſe 
places may be inſerted in the map as truly as ne OY the latitudes and 


Jongitudes of which are known. : 


The moſt natural way of delineating the Harte of the Eafth, is t to 8 00 


it on a ſphere; for then every place in the Globe, laid down by 3 its latt= - 


tude and longitude, will have the fame poſition with reſpe& to other 
places, which they really have on the ſurface of the Earth. But as a 


Globe is a bulky thing, and not fo eaſily managed, or worked upon, as a 


plane, therefore has the repreſentation of the ſurface of the Earth been 
made on planes, and theſe are called Maps or Charts, $f 3 
In the conſtructing Maps and Charts. great care ond Fa . 
that the ſeveral parts in them preſerve their poſition one to the other in 
the ſame order as they do on the Earth; and it is likely, that the finding 


out of proper mech to do this gave riſe tothe N FEY of pro: 


Jection. 


* 7 


4. There are many ways of banane Mas and Chic; 7 but 9 7 


chill depend on two principles, 32 
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5. The Conſtruction and Uſe of the Plane Charts. 


lineated thereon. _ _ 


be VI PLANE SAILING 3 
ae. From conſidering the Earth as a large extended flat ſurface: The 


arts made on this ſuppoſition are uſually called PLANE CHaRTs. | 


8 51 59 
i 


Secondly, From conſidering the Earth as a ſphere : The Charts made 


on this . are ſometimes called GLoBULAR CHAR Ts, or MERCA- 
_ToR's CH 


ARTS, or REDUCED CHARTS, or PROJECTED CHARTS. 
Plane Charts, when made for any large extent of ſeveral degrees in 
>. AN repeat are very. erroneous ; for in them the difference of longi- 
tude between any two Meridians, taken at the Equator, is uſed as the 
diſtance of thoſe meridians in all latitudes ; and conſequently the diſtances 


of places in high latitudes will be too great, and their due poſitions will 


not-be preſerved : but Charts made for a ſmall part, as a degree or two 


In length and breadth, may be reckoned as tolerably exact, eſpecially if 
«thoſe places be within the Torrid Zone; nay, a Plane Chart made of all 
this Zone will differ but little from the truth. „„ Fr 


* 


— 


Cons TRUCTION. 


it, Having determined the limits of the Chart, that is, how many de- 


grees of latitude' and longitude, or theridional diſtance (they being in this 


Chart the ſame), it is to contain: Suppoſe from the lat. of 20% N. to the 
lat. of 71 N.; and from the longitude of London in o deg. to the lon, 


of 50% W.; then chuſe a ſcale of equal parts, by which the Chart may 
be contained within the ſize of the ſheet of paper on which it is intended 


do be drawn. In the Chart annexed, fee Pl. VII. the ſcale is ſuch, that 
each degree of latitude and longitude is 3; part of an inch. 7 


24d. Make a paralleJogram (II. 69) aBcp, the length of which as from 
north to ſouth ſhall contain 51 degrees, the difference of latitude between 
the limits of 20? and 71*; and the breadth Ap from eaſt to weſt ſhall 
contain the propoſed 50 degrees of longitude, the degrees being taken 
from the ſaid ſcale of 8 degrees to an inch; and this parallelogram will 
be the boundaries of the Chart. e 1 255 


| 4 3d. About the boundaries of the Chart make (II. 8 1) ſcales contain- | 
ing the ehre halves and quarters of degrees (if the ſcale is large 
dr 


ere drawing lines acroſs the Chart through every 5 or 10 degrees; 
let the degrees of latitude and longitude have their reſpective numbers an- 
nexed, and the ſheet is then fitted to receive the places intended to be de- 


=» 


th, On a ſtrait. ſlip of paſteboard, or {tiff paper, let the ſcale of the 
degrees and parts of degrees of longitude, in the line Ap, be laid cloſe to 


"the edge; and the diviſions numbered from the right hand towards the 


* 


1 


„ 1 4 


left being all weſt longitude, -\ "35" IG 
3 5 35 B 2 5th. Seek 


2 PLANE/SATEING: Bock vil 


©. Fth.- Seek: in the Geographical Table (at the end of Book VI. ) ſor the 
latitudes and jongitudes of the places contained witbin the propoſed- dip 


mits; and let them be written 1 in the order | in which they meren in 


htirude, 
Sith. Then, to ay down any die toy the * of the paſteboard ſale 
to the diviſions on each fide the Chart, ſhewing the latitude of the place; 
ſo that the beginning of its diviſions fall on the right hand border AB; 
and*apainft the diviſion ſhewing the longitude of the given place make a 
point, and this gives the poſition of the place 04 an, and i in like man- 
3 Jer are all the other places to be laid down. 
Ith. Draw. waving lines from one point to the other, white che: 66aft 


is contiguous, and thus the repreſentation © of the lands wit the en | 


poſed limits will be delineated. 
8th. Write the names to the reſpeAive parts, and in fome convenient 
place inſert a ab: and the Chart wilbe  colnpleted.” 


th U fe of tbe Plane Chare.. 


6. Ts | fnd the lat. and long. of any. propoſed place in the Chard. 9 


| Take with a pair of compaſſes the leaſt diſtance between PR given 
place and ſome parallel of latitude; this diſtance applied (the ſame way) 
to:the graduated meridian on the border of the Chart, keeping one point 
don the ſame parallel of latitude, the other point will ſhew the degrees of 
latitude the propoſed place is in. 

And in like manner, the diſtance between the given place and ſome 
meridian, applied (the. ſame way) to the graduated parallel on the top or 
bottom of the Chart, will ſhew its degrees of longitude. i 

Thus the diſtance between Cape Fniſterre and the parallel of latitude 
1 40% laid on the border from 40? upward, gives 43 15 N. for Ca ape 
Finiſterre's latitude: And the diſtance of the Cape from the meridian 


paſſing through 10 of longitude, being laid on the bottom border Don 


n toward the right, gives 9* 20' W. for the longitude, 


. Two places being given, ſuppoſe Cape Clear and the land of St. Mi 
chip 's, one of the Azores, to find the bearing and diſtance A : 


Lay a ruler by the two places, C. Clear and St. Michael's, take the 
neareſt diſtance between the center of the compaſs and the edge of the 
Fuller; in this poſition ſlide one point along the ruler, and the other point 


will run along the point of the compaſs ſhewing the bearing, which in 


this caſe is 8. W.; that is, St. Michael's lies to the S. W. of C. Clear, 
ot 15 Oar to the N. E. of St. Michael's. 

The diſtance between the two places applied to the l parallel 
from © degrees, will give the number of degrees, W converted into 
miles ſhews their diſtance. 


5 hus the diſtance from Cape Clear to St. {Michael's wit be Wund * 
| be about 17% 105 which ee 70 bo oli 1030 miles 
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Book VII. LANE SAVING: 3 


8. The diſtance ſailed on a given courſe, and aa a given place, being 


ths to find the place the ſhip ig in us: ſuppoſe a ſhip ſails from Cape | 
Clear S. fo or 1030 miles: | Required her pris place. 


Reduce the given miles (1030) into degrees and minutes, and take om 
(1% 10/) with one pair of compaſſes from the graduated ſcales. 

Lay a ruler. by the center and the given point of the compals, (S. W. 3 
take the neareſt diſtance between (Cape Clear) the place failed from and 
th edge of the ruler with another pair of compaſles 3 in this poſition, 
Aide one point along the ruler until the other point has got as far diſtant 
from the given place as is the given diſtance, which is found by applying 
the opening of the other pair of compaſles from (Cape Clear) the given 
place, till the points of both pair of compaſſes meet ; and that will give 
the preſent place of. the ſhip, which will be found in the latitude and on- 
gitude of St. Michael's; and theſe are known by Art. 6. 


0 8 The Mariner working by the preceding precepts, will preſerve his chart 


ee from a multitude of lines: But when this is not regarded (as indeed it 


is e wor th while), the operations will become Woehe ſhorter. 


« The latitagle a a place (A), and its bearing from a given place (8] 


bein known ; to find the place (A) on the chart, and its di iftance from (3). 


Through the given place z draw a line parallel to the given point of the 
compaſs or bearing; then an eaſt and weſt line drawn through the lati. 
tude of A, its interſection with the former line will give the place ſought, 
The diſtance may be meaſured, as in Art. 7. 


10. The latitude of a place (A). and its diflance from a given Mace ( a) 


55 Ming known; to find the place of A on the chart. _ 


Draw an eaſt and weſt line through the latitude of A; ha the. giyen 
diſtance in degrees from the graduated ſcale ; then this diſtance being 


: applied from the given place 3, will cut the ſaid oſt pad. my line i in he” 


ME place of A. 


11. The longitude of a place (a) and iti 14 72 from a given ace 0 7 
Being known ;' to find the place of A on the chart. p ) 


_ © Draw a meridian through the longitude of a; then the given diſtanes 
taken as before, and applied from B, will cut the ſaid meridian | in the Ire 


* | 725 place of A. | 


13. The 1 of a TM 1 aud its beari ng row a given place ( a) 
Tow known 3 to find the place A on the chart. 


Through the given place B draw the given bearing. ( 5 
| +: Draw a, meridian through the longitude of A, and its interſection with 


the ſaid bearing will be the place of A. 


And in this manner may every poſlible caſe of failing by the plane 


85 be readily ſolved. But as the accuracy of, theſe ſolutions cannot 
de 


pended upon nearer than five or fix minutes more or. leſs than the 
truth; the more careful Navigators 1 on * e siven in 
the following ſetions, ; 


W 5 diere 


3 18 
. PLANE SAILING | Bok vt 


| ' _ = * ; 
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8 11 Of Plane „ Sailing. 


13. Pranz lung is the art of navigating a | ip upon principles 
* 4 d from the notion of the Earth's Walen, an extended plane. . 


An On this ſuppoſition, the meridians are eſteemed as parallel right lines, 
| the parallels of latitude are at right angles to the meridians, the lengths 
of the degrees on the meridians, equator, and parallels of latitude, are 
every. where equal; and the degrees of longitude are reckoned. on the 
parallels of latitude as well as on the equator. 

14. The PLANE Chart is a map, or repreſentation, of the ſeverat 
* parts of the Earth laid down from theſe principles, according to their la- 
. titudes and longitudes, on a ſheet of paper, or other flat ſurface. (5) 
| When the parts of the Earth are thus' delineated on a plane, it is ealy 
, to ſee the track by which the ſhip may go from one place to another; and 1 
| alſo what angle this track makes with the meridian: ſhips at ſea are kept | 
3 © this track, or path, by the hep of an inſtrument nope the Mariner's 
: ompals. 

16+ + BE Mazivngs' $ Cour ass is an artificial repreſcatation of the 
horizon af every place, by the means of a circular piece of paper called a 
Card, divided like the horizon into. degrees and points, which are called 
Rhumbs. Now the card being properly fixed to a piece of ſteel called a 
| Needle, that has been touched with a loadſtone, (the property of which 
is to cauſe one end of the needle, fo touched, to point towards the north, 
b when turning freely on ſomething ſupporting it), all the points of the 
d will be directed toward their correſponding points of the horizon. 
From this conſtruction of the 'Mariner's Opn" it follows, that in 


8 * 
. 2 


N every place the north point of the card ſhews the poſition of the meridian 
N a in that place; and ſome one rhumb, or point of the card, will coincide 
with, or be directed along, the track that makes any given angle with the 
meridian Conſequently, by the help of the card, or t a a ip 1 80 

* bde kept on any propoſed track, or cqurſe.. 

, 16, ARHUMEB LINE is a right line drawn Gro the center of the. com- 

q 1 paſs 18 the horizon; and ij is named from the point of the horizon it falls 

; | In With. . 

$ Rs , 9 Cours is an age which the Rhumb line the ſhip 9 

| on makes with the meridian, and it is ſometimes reckoned in degrees, 

1 and ſometimes in points of the compals. 

18. DisTaNCE is the number of leagues, miles, e. intercepted ber 

tween two places reckoned on a Rhumb; or it is the way. or e a 

ſhip has gone on a direct courſe in a given time. | 

19, DIFFERENCE or LATITUDE is the nne ed ip has 

4 made north or ſouth of the place ſhe ſet out from ; and it is reckoned in 

| | miles and parts of a mile on a meridian. | ENTS! 

| 20. DEPARTURE is the eaſt or weſt ditance which a hip: bas made 

3 = | from the meridian of the place ſhe departed from, reckoned” on the pa- 
rallel of latitude which ſhe is arrived in, _ in te Nane 52 it ig the 

8 fame as fs diffe ener of 3 „ | | 17 . 

4 4 E bs | | 1. 
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21. If a ſhip fails either due north or ſouth, ſhe ſails on a meridian, 


9 Res no departure, and her diſtance and difference of latitude are the 

"F ſame. | 

<3 If a ſhip fails either due caſt or weſt, ſhe runs on a parnliel of latitude, 

i makes no difference of latitude, and her departure and diſtance are the 

=” 

The 8 of ktitude and departure always makes the legs of a 

= 1 on triangle, the hypothenuſe of which is the diſtance the ſhip 

3 has faile | 

When the courſe is 45 degrees, or 4 points, the difference EF latitude 

” | and departure are equal. 

= When the courſe is leſs than 45 degrees, or + points, the difference of 

= lackkude' is greater than the departure. 

7 But when the courſe is greater than 4 points, or 45 degrees, the de- 

1 parture is greater than the difference of latitude. * 

* 22. When a figure relating to a ſhip's courſe is to be conſtructed, it 
"= muſt firſt be conſidered whether the ſhip is failing northward or ſouth- 

'H ward; and whether ſhe goes to the eaſtward or weſtward of the place 

1 . departed from; for the lines in the figure. muſt be drawn accord- 

ingly. 


Thus. Let the upper ket af the paper, or what the figure is drawn 
on, always repreſent the north, then the lower part will be ſouth, che 
right hand ſide eaſt, and the left hand ſide the welt, 

Draw a north and ſouth line to expreſs the meridian of the place "WS 
| dig ſails from; then if the courſe is to the ſouthward, mark the upper 
+ end of the line for the place failed from ; but if the courſe | is northward, 
F ; mark the lower end for that place. 


0 enn ee 
$M „ 3 4 > — 
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1 Through the point ſailed from draw a line perpendicular to the meri- 
N 1 dian to repreſent the parellel of latitude of that place; and from the ſame 
7M point, with the chord of 60 degrees, deſcribe a quadrantal arc on the eaſt, 
1 fide of the meridian, if the courſe is eaſtward, or on the weſt fide, if the 
= courſe 1 is to the weſtward, 2 

3 When the courſe is given, the chord of the 1 or points ex- 
1 prefling it, is to be taken with a-pair of compaſſes, either from the ſcale 
1 of chords or of rhumbs *: and is always to be laid off on the quadrantal 
gare beginning at the meridian. 

ahbe line expreſſing the diſtance the ſhip has run, is always to be drawn 
from the center of the quadrant, or point failed from, through that point 
1 of 3 its arc which limits the courſe. 

© The difference of latitude, in leagues or miles, taken with the compaſſes 


If 


from a ſcale of equal parts, is ever to be laid on the e eee 
from the center of the e. pF; 


= 1 * * dre © or are of , oi divided into 4 a arts, and 
5 4 90 8 
I each of theſe into quarters; then if from one end of the arc the ſeveral di- 
. viſions be transferred to the chord of 90%, as in Book III. Art. 18, a line of 
rhumbs is conſtructed, the uſe of which is the ſame as that of the chords, 
namely, to make an angle whoſe meaſure 18 ie in Points inſtead of de- 
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„ rx E SAILING; ek vur | 
„The departure is a right line parallel to the eaſt and weſt line before I 
drawn, dn the ends of the lines expreſling the diſtance and difference, b 
of htitude. 
23. In the annexed Gigure, ſuppoſe the circle FHFH to ropreſent e 1 
horizon of the place a, from whence the ſhip VV 7" 
ſails; ac the rhumb the fails on, and c the c_ 2 —.— . 23 
lace come to; then Hy repreſents the paral- M # 
. . of latitude ſhe ſailed from, cc the parallel X F A A 
the latitude arrived in: So that ap be- : a 85 4 
comes the difference of latitude, Dc. the dle. 4 = 
pirture, AC the diſtance failed, the angle ba Nn, | 1 
14. the courſe, and the angle DCA is the . 4B 
plement of the courſe... . ME ee een . k 
Theſe particulars will be alike repreſented, e . Y 
5 whether the ſhip fails in the N. E. or N. „ =. 
3 S8. E. or S. W. quarter of the horizon. W 4 
SOR _ Hence it is evident, that the difference f ff NF. 7 
. latitude, departure, and diſtance, form the fides 17 1 R 1 
ba right-angle triangle, whoſe angles are the 22 . Ws 3 © 
5 courſe, its complement and the right - angle, —— * — I 
whoſe ſine is radius ; therefore among theſe ; , 2. = 
four things, courſe, diſtance, diff. lat. and departure, any twa of them 6. | 
3 wes, the * are to he Hund by plane e 3 
| | | "8 
u | 4 0 the Traverſe Table. 1 NE Hs = 
| "For the ready working of any ſingle courſe, there is a table. called the = 
| Thaw fo Table, uſually annexed to Treatiſes of this kind; which is ſa - 4 
: contrived, that by finding in it the giyen courſe and a diſtance not ex. 1 
ceeding 100 miles, the dick. lat. and departure is had by inſpection. The FF 
F courſe is to be found at the top of the table, when under 4 points, or 45 iÞ 
| deg ; but at the bottom of the table when it exceeds 45 deg. Each * 
column ſigned with a courſe conſiſts of two parts, one for the diff. lat. | 1 
| marked Lat. the other for the departure, marked Dep.; which names 1 
zarte both at the top and bottom of theſe columns. The diſtance is to he 
found in the column marked Dit. next the margin of the page. 8 5 
This table will ſetye for greater diſtances, by taking their halves, thirds, - = 
fourths, Sc. and doubling, tripling, uadrupling, c. the diff, lat. and 
departure found to thoſe parts of the 9 | =_ 
The traverſe table contained in this Treatiſe, at the end of Book VII. = 
— _ _ has the diſtances continued to 120, which is a number more capable of 1 
- fubdiviſions than 100: Beſides, the table. is divided into two parts; the . 
; firſt contains the whole points and quarter points in a quadrant; and the 
ſecond part is fitted to every degree and quarter of a degree in the qua- 8 
_ drant; whence the courſe and diſtance, reſulting from a day's work, is . 


more accurately obtained than by the common traverſe tables. 
25. All the proportions that can ariſe in plane ſailing are exhibited in 


0 8 
the following table; they refer to the preceding figure, Where An, ar,or ' 
A repreſent the radius of the tables, EI the ſine of the courſe, d its tan= XX 


gent, and AG its fecant; AB. ſtands for the ſine of zhe Complement. of: 15 . = 


Sort, HI its tangent, and Al its ſecant, S 1 
a 1 f ros 9 
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' Theſe proportions. are here gere 
ing on the relations ſubſiſting between theſe. lines a 
. = diſtance, departure, and difference of latitude : 


only the analogies in the firſt column, and one 


the ſecond column, will be uſed; the others being: rather matters of cu- 


yiolity than le. 


PLANE SAILI NE. 


to exerciſe the learner in 1 


1. thole repreſenting 


ut in what follows, 


ſt the laſt caſe in 


| 
. ren [ID q-] Sautens by ak Solutions by 15 7 and ſecants 
e ee ink — . 
f — | ns 5 fin. a ADC,ABE by ſim. A Abe, Aro by lim. Aab, AI 
266 ac AD |AE: AB: : AC; AAG: FTE ACT AD[ATTL : AC: AD} 
1 169 Dc Jas: 25 > AC: DCAG:FG:: AC: DC|AI:AH:: AC: DC 
Ene a AB: AB:: AD: ACIAF AG; 3 AD: AC[HH; AI: AD; We 
an pc aB: BE: : AD: DC|AF:FG::AD: DCIH: AH: : AD: pc. 
1 be AC |BE : AE:: DC: ACFG AG: DC: AC[AH: AL: : DC: Ac 
2 e ſvg : An:: DE: ADFG ar: 2 DC: ADJAH BI :: DC: AD] 
1 —— wo eng N 4 . 
W FF Aeta: aer: F 
eee: pcar re:: aD: Del. 
© TH 0 ZAlAc: be:: AE: E e AH: All 
de, being lag: AB:; AC:AD AH: Hf: : DS: Ap 
* N —— r * 7 5 
| LA EE IADBTDCSIAF1\1C bo: AD: : AH: HI 
6 28 1 | JAF; AG: AD: AC{AH: al:: DN 
| 5 To aſſiſt the 880 the proportions hereafter * are given in then 
| pautical terms. | a | 
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: Diff. lat. 


Cou. : Depart. by No II. 
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: Cof. Cou. Ne VII. 
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Rad. 
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A Ph: wy refer to Was upper cable; ; meh two in each caſes” | 
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ſection. 


| Thets acids (or S as * are aul) called by. Mariners) 
jed to the numeral ſolutions of all the varieties of ſingle courles i in 
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27. A Taztz of the angles, which every rhumb, or "pi 'of the 


i compaſs, makes with the meridian, ao 1 
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| 7 Mos, the e begins to 9 5 the caſes of plane failing, — mould 
| bpbe ſo well acquainted with the compaſs, or this table, as to be able readily 3 
; . tq tell how many paints any of thefe courſes or rhumbs are diſtant from 

| the meridian, or from the parallel, | i 
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PLANE SAILING. 


p ON; cc 
9 > / Single C ourſes. | 
mm * 29. CAsR I. Given the courſe ſteered, and the diftance run: | 
1 e Required the difference of latitude and departure. 
= Exam. A ſhip from the latitude 47? 30 o N. has ", 0 S. N. by 8. 9 
1 miles: : What lat. is ſhe in, and what dep. as ſhe made? 
8 By the TRAVERSE TABLE. 
0 Find the given courſe at the top or bottom of the table among the 
Ws points or degrees; and in that column, right againſt the diſtance taken i in 
its column, ſtand the diff. lat. and departure in their columns. 
1 Thus the courſe is 8. W. by S. or 3 points, in which column, and 
7 againſt the diſtances 98 in the column of diſtances, ſtand 8175 miles for 
A the diff. lat; and-54,45 miles for the departure. 2 
A By ConsTRUCTION.: (22) 
N A 1. Draw the meridian AD, and make the quadrant - 5 
. 0 Amp. e 
i 2. Make mc=rhumb of 3 points, and through c draw 
1 As equal to 98 miles. ot. 
= 3: Draw BD parallel to pA, meeting Ap in o. 
Ihen Ap, the diff. lat. meaſures about 814 miles. 
9 And 1 the departure, meaſures about 3474 — B 
4 : By C 0 MPU TAT ION. 222 
The courſe being 3 points: 233 45'. | The comp. courſe is 5pts. = 56* x s 
| To find the diff. latitude. | To find the departure. | | 
* As rad. = 90® 0c” 10,00800 | As rad. . = go? Oo 10,00000 
1 W += 98. m. 199123 To diſt. = 98 m. 1.99123 
es So fin, co. S 332 455 9.74474 
4 To diff, lat. = me 9 LY, 108 Tp 98 = 54245 1.73597 
. | 1 | 4 
| By GunTzR's Scl 8 
Þ Onthe line of * Rhunibse, the extent from Radius, or 8 points, to | 
6 3 points, applied to the line of e will reach from 8, in either in- 
= terval, to 54,4. 
7 And the extent Gan 8 points, to 5 points among the Rhumbs, en 
9 from 98 to 81,5 on the line of numbers. 
Ts 'Or thus,. The extent from Radius, or 8 points, in the 8. R. te 98 in 
Þ the Numb. will reach from 3 points in the Rhumbs to 54,4 in the Numb. 
4 and the ſame R will reach from 5 . in che 825 to 81551 in the 
bw Numb. 
$ _The lat. from 47 30'N, 
8 21% — diff. lat. ' 1 21 8. | 
„„ — 
. Lat. i in 46 9 N. Dep. 84.4 bes Wed. | 
be ng .on the "Gunter's ſcale marked S. R. and T. R. a "Sine 7 
-Rhumbs and Tangent Rhumbs, are the logarithmic fines and tangents anſwering 
to the degrees and minutes in egch point and quarter point of the Compaſs, 
ee from the fene of log. fines and log. tangents, 


29, CAsE 


= I 
6. 9 


10. Deſeribe the quadrant Ame. N ann: BY 


& Andie departure vn A about 55 miles, 


FF 
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SEA F 68 


„ SAN an name, WEI) 


5 9 CAsk II. Ghen theTourſe ſteered;' and difffence of latitude: 
ert the diſtance ing you the departure. 


Exam: 4 2 has failed 9. E. by 8. from the late. 47 30“ M. 10 the 


s lat. uo 08! * en flance* bas wore doe * wm 2 e has . 
0 % n Mr SS + 93 We IIS S 8 | he 
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7555 By the. Trzaversr 7 


Fhid che clürte among the degrees, and the diff. lat. in its. 8 
right againſt which ſtand the diary: and diftance i in their columns. 
Now taking! 40” 08” from: 8 20% remains 15 22 4 800 m. the diff, 


« OE:  £ 


4 


"Then the coieſs 8. E. b. 8. is 3 points, under which i in the column of 


lat, the neareſt number to 82 is 82,3, the neee departure is 55. 


and the diſtance 99 ils. E Ta% 


$ , L oY 
-v — . 


by gs 3 By ContraucTioN. 


? 
K * : 
5 2 


2d. Make mc=rhumb of 3: points, and. continuc A. 


Am till-avd=82 miles. * 
Through p draw 98, parallel to Ab meeting 1 
"ihe line aB drawn through c in the point. 
Then the diſtance AB NETS about 99 miles. 


8 1 FE th. PL * 
„ * * 
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. 1 By 3 - 


i poitits= 33 4, The comp. Gourſe is © pts;= =56* io 


Jo find the e diſtance. 4 Jo, find the departure. 


As co-f. co. = 33* 45 G08 As co-ſ. co. = 33% 45 698615 | 


To diff. lat. =82m. 1,91381|To diff. lat. = 82 m. 1,91381 
Sorad. = ET: HOP [9 fin. co. 165 = 285 45 9.74474 
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To dt. Se . To „4er. = e 1,7387060 
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oy e le fing rhu rhumbs, the pas Py from 9750 points to 8 points, ox 


Sc "'Þ * 
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And iche . from 4 points to 3 points on the $ S. N. will re reach ben 
Or thus. The extent from 5 . in he fine. 8 ak 82 miles in. 


2 the line of numbers, will reach from. points in thoſe rhumbs, to 99 in the 


numbers; and the fame extent will reach from 3 points in the rhumbs 6 
35 19 the numbers. J 

. Nete.. In all theſe caſes, 8 the co-C. courſe is uſed, the deg. put 
down.is - courſe ae yet; Foe og: peg a. to the On: of mw courſe, 
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2 CAsR Il; Given the courſe ſteered, and the departure: 
Required the diſt. run, and diff. latitude. 


ExANM. A ſhip from lat. 4 * 30" N. ſailing N. I. b. N. finds ſbe has 
va No. miles'of de parthre : 2 ci 40 15 _ 4 * run, and 2 Tat, 2 
wrote in a 19 5 a 


2 rn * * M8 FCC 
N n 4 8 . 8 - > + 
—_ 7% as” 755 $3, FJ Eft 4 " * 8 5 1 
1 7 EOS: A 
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"By he inn E RSE Tarn, 


Find the courſe among the degrees, and the departure in its ad 
right againſt which. ſtand the difference of latitude, and the diſtages an | 
their relpective columns. 

Nou the courſe N, W. b. W. is x 5 points, over which, f in the Kut Fa 5g 
of departure, the neareſt number to B2, is 82,3 . mou the "ROI 
oor 8 I is 55 ain and the- diſtance i is 99 miles. | 
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E's. By Cons TRUCTIOx. 


aft, Deferibe the quadrantal are Amp. 

2d, Make mc = rhumb of 5 points, and continue 

| till ab=82 miles. 

3d. Through 5 draw bs , parallel to Am, meeting 

the line An drawn through Amn d. 

Ach. Through draw BD parallel to ba, > 
Am continued, 5. 

Then the diſtante AB meaſures about 99 tiles. 

And the Git. lat, AD meaſures about 55 miles. 


By Cour rer. Ye 


The courſe 5 points is 56 15 [The comp. courſe i is 3pts.=33 . 
To find the diſtance. To find the diff. latitude, 
As fin. co. = 56% 15" 0,0801 5 As ſin. co. 2 56˙ 15 o, 08018 
To dep. . 4591381 To dep. in. 1591381 
80 rad. S 90 10, 000 So co- ſ. co. 2 56 15 9.74474 
To Gift. „ —.— | To diff. lat. =54,79 1,7387 
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5 By Gunrmar's S$CALF. 


On the line of ſine rhumbs, the extent from 5 points to 8 ws be ar 
radius, will, on the line of numbers, reach from 82 to 99. 
And che extent from 5 points to 3 points on the line S. R. will reach 
from 82 to 55 on the line of numbers. 

Or thus. The extent from 5 points in the fine rhumbs to 82 miles 
Wn the line of numbers, will 221 from 8 points in the rhumbs to 99 in 
che numbers: And the fame extent will reach from 3 PRO in = 
Kg: to 55 1 the 1 numbers. 
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x Casz Iv. Ges e nde ung t pee of lattude: 


Ath. On A with the diſtance 98 cut PBinB, 8 6 


And the courſe DAR is meaſured by the arc mc of 
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2 the courſe and Kc 
> . 4 2 from lar. 47 200 N n betyuorn the north and raft 
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en TSP By the 1 r. 


"4 5a "I the table, till againſt the difkanice taken in its Elche be und 
the given diff. lat. in one of the following columns; and 2 5 I to 


it ſtands the departure, which, if leſs than the diff. lat. the cour 
"_ at the top of the column ; but if greater, the courſe i is found at the 
ttom. 


Now having taken 47 20“ from 48? 4. 2% leaves 1* 22/=82 m. the 
diff. lat. 


Then ſeeking till againſt diſt. 98 ſtands lat. 82, the neateſt will be 


iy 355955 __ dere the departure i is 53% 3 m. and the N is 335 1 150 12 


1 By Conrinyerron | 
it. Deferive the quadrant Ame. 1 2 
2d. Continue Am, till ap g 82 m. e 
34. Through p draw Dx parallel to arp. 


Then the departure DB meaſures about 53 m. 


about * 33 . 


; By ComrurarTioON. FL 


To find the canals. | To find the departure. . 
2 op] = 99 m.-. _ 8,00877 As rad. = 90? oo 10, 50000 
To rad. 


66 — — 


To co - . co. 33 12 992258 ths F 53,66 1,2966 


ot 
miles,- and is arrived in lat. 48* 42! V. What ag did ſhe Atrer, gud 
| _ departure has Be made & 5 | 


: ooo 19,00000 To diſt. =981 We Nas - 
_ So diff. lat. 82 m. 1,9138180 ſin. co. = 33% 12 9;7 3843 
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. the line of numbers, the extent from 98 m. to > F m. will, "oh. the 
line of ſines, reach from go, or radius, to about 57 degrees. 
And the extent on the line of ſines, from 90 to 33˙ 7 will FEAGA.: on: the 
line of numbers from 98 m. to about 535 miles. „ 
Or thus. The extent from 98 m. in the line of numbers; to go? in 
the line of fines, will reach from 82 m. in the numbers to about 57* in 
the ſines: And the ſame extent will reach from about 33˙ in the ines, to 
about 53+ in the numbers. | 
So that the courſe is N. 33 12/ E. or N. E. b. N. nearly. 
05 the departure is N. 53566 · miles to * Eaſt ward. 
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22. Casg V. Given the diſtance and 8 3 5 
Required the courſe, and difference of LE” e 


Ex Au. From the lat 5013“ N. a ſhip, in ſailing between the ſouth and 


25 98 miles, mates bur 1 82 N 


what * is ſhe arrived at 5 


Vhat courſe did 95 05 r and 


. 


1 the TRAVERSR TABLE. 


Seck in the table, till againſt the diſtance, taken in its column; be 
Wand the given departure i in one of the following columns, and adjoin- | 
ing to it ſtands the diff. lat. which if greater than the departure, the 
courſe is found at the top of the column; but if leſs, the courſe is found 


at the bottom. 


Now ſeeking till againſt the diſt, 98 ſtands 82, the neareſt will bo 
81, 95, ſigned Dep. at bottom 3 ; and here the _ lat. is 5373 m. and 


the courſe 1 is 565 45 


By ConsTRUCTION. 


1K. Deſcribe the quadrant amcþ. _ 3 
2d. Continue Ap, till Ab g 82 m.; and rough A . 


draw 6B parallel to am. 


za. From A with the diſt. 98 m. cut bs i ... ; 
4th. Through B draw BD paralle} to Ab, meeting | 


Am continued, in D. 


PCPERSSI'Ev Coon its (DLELIIES 


PTY, * Os 
- » * 


Then the diff. lat. AD meaſures about 53 en, 5 n 


And uit coarſe DAB is meaſured by the arc mc of about 570 


By Compourarion. 


To find the courſe, Yen bs Þ 


As Gift, = 98 m. 8,0087 
To rad. 9oꝰ o 10,00000 
So dep. = 82 m. 1,91381 
To fin. co: = 56˙ 48 9,9225 8 


| 


To find the diff. lat. 2 
As rad. . = 96? O | 10,00000 
To diſt. = 98 m. 1.99123 
So co- ſ. co. = 56˙ 48' 973843 
To diff. lat. 5556 1572966 


—  — 


Then 5e 1 N.—o· 54 N. 49“ 19 N. For 53.66 m. is neareſt 54 


BV GunTzR's 


Scam. 


"hs the line of numbers, the extent from 98 m. to 82 m. vil, on n the 
line of ſines, reach from 90%, or radius, to about 57 degrees. b 

And the extent on the line of ſines, from 90 to 33%, will reach from 
98 m. to about 534 m. on the line of numbers. | 


Or thus. 


Ibe extent from 98 m. in the line of numbers to go® in the 


line of lines, will reach from 82 m. in the numbers, to about 57 in the 
nes: And the ſame extent will reach from about 335 in the n to 


= about 523+ m. in the numbers, 


So that the,caurſe is 8. 56? 48 E. or 8. E. b. E. nearly 
And the latitude arrived in is 49* 19; Ne 


1 >, 


* * 
 .* 


33. CA 


. LANE SATLING. | Book VIE 


Ky Can VI. Gen ths Würänteb Ur latibete ehe, "ory 
f Required the courſe and diſtance. 


3 . ſbip ſrum lat. 480 32! N is arrived in lat. 4.9* PY N. ad is 
oj 54 miles to en /tward g (4 ber departed ban: a hat ert 9 * 
Aer, and Wi 15 22 direct Mance ſhe has run 8 


By. the TRAVERSE. Tani 


„Seek i in the table till the given diff, lat. and departure are found to- 

ether in their reſpective columns: then right againſt them will be found 
5. A ſtance in its column, and the courſe ſtands among the degrees at 
. r bottom of the column, where the diff. lat. and depart: were 


Now 487, 32 taken from, 49* 54% leave 1 22'=82 m. the diff. lat. 

Then in 4 table it will be found, that the numbers ſtanding together 
he mel ts 82 and 54, are 81,95 and 53733 ; the diſtance anſwering 
to theſe i is 98 m. and the courſe i » 33 15 


By ConsraucriON. 


. Db the quadrant Amp, and continue 1 hy 
Am till ap==82 m. | r 
2d. Fhrough p draw BD parallel to 4p, and equal 

to 34 miles, and draw. AB. 

Then the diſtance As meaſures about 98 miles. 

And the courſe Das is meaſured by the arc mc 2 
about © 33's, . hs l 8 44 3 


1 45 
- # 4 . * 17 * 


wy Corn r ru o x. 


'To find the tene bent ol To find the diſtance. 1 
As dif. lat. g 82 m. 3,086 r9/| As fin..co. == 33% 227 0325964 
To depart. "$5 54 Mm. 1573239 To de 4 n 1,73 239 
; So rad. „ = 90 oc — Ban ri = 90% go 10,00000 


: 0 


* 


7 . 6 ö 7 ; 
; 4 - - i 0] ay q 
* 3 254 „ 


—_— 


By GunTzn': 8 ScaLs. 


n 


On the line of numbers, the extent from 82 m. to 54 m. will reach on 
the line of tangents from 45 to about 335. | 
And the extent en the line of ſines, from about 39 to 909, will reach 
on the line of humbers from 54 m. to about 98 m. | 
Or thus. The extent from 82 on the line of numbers to 45? in the 
8 line of tangents, will owed from 54 in He line of numbers, t about 335 
in the line of tangents- M 

Alſo, the extent em abt 31 in the Abr to 54 in the numbers will 
gonch from go" in the fines to about 98 m. in the numbers. 

Se the courſe is N. 33 2 . or N. W. b. N. nearly. 

_— 72 diftance is 98, 18 miles. 
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34. Queſtions to thercife the foregoing Caſes. 


 Quesr. I. Four days ago we were in lat. 3 25' S.; and have fince that 
time run on a ditef? courſe NW. by N. at the rate of 8 mils an hour : Re- 


quired our preſent latitude and departure? 


One day=24 hours: Then 24 x 4=96 hours. 
Wy, And 96 X8=768 miles, the whole diſtance, 


ConsTRUCTION. 


| iſt, Draw the meridian AD, and deſcribe the quaa | 

 .drant Amp. 

2d. Lay off the courſe 3 points from m toc, and draw 
the rhumb line AB. 


4. On the rhumb line lay the diſtance from A to 


- By and draw DB parallel to'p a, 7 — 


* . 


e ES ComPuTATION. 


- As 0 S 9 of 10,00000 As rad. = go? oo. 


To diſt, 3 m. 2,885 36 To diſt. 2768 m. 


So col. co. = 33? 45 | 9,91985 | So fin, co. = 33* 45 


5 7 To diff. lat. | 22638,6 m. 2, 805 21 : To dep. 4260 5 


eee luken lat. from 3e 25,8. 
I - diflm. 10 39N-- 


5 
> 9 N | "4 


Anſwer Lat. in 5 14N. 


— IRC 


Depart. 426, miles. 


10,00000 
2.88536 
9.74474 


— — 


| 2,03010 


OOO An — — 


— 


8 II. Yeſterday non we were in lat. 38* 32/ N.; and this day at 
noon we were in lat. 36* 56 N. we have run on a direct courſe between the 
S. and E. 5% knots * an hour : Required our courſe and departure ? 


Lat. from 380 32/N. | 24 hours, 


A 


9 — 5 


# 


Lat. in 7 5.525 A 

Diff lat. 4 36=96 m. . Oe | 120 | 
„ FI 120 „ 
Y Dig. =: 32,0 ms 1 


1 $ 


: 


TP, Computation, 
= 132m. 7.87943 As rad. 

2 90 oo' 10,00000| To diſt. 
So di. lat. We - fk 1,9822 80 fin, co. 


90 00 
132 m. 
43 20 


98958 


Courſe as. Re? 20 E. or SR, by 8. 4 E. nearly. 
| Anſver 1 —— 90,58 1 miles to the e 


In 


. 
To col. co. N = 43%: 20 © 9.86170 To 1 
al | 


* - Donor: Deſcribe the quadrant. Amp: draw the meridian ADz906, 
5 a0 draw DB parallel to Ap; with 132 m. from A, cut DB in 3. 


10,00000 
2,12057 
98583648 


—— vp — ms. 


1.95705 


3 pr "+ 0 A "A knot is the ſame as a ou mile, 60 to a a degree. 


and what is the flips e Es: . 


"PLANE SAILING. Seek vn. 


QUEST, IIT. 4 Ship i in lat. 2/ F. is bound to a port bearing N. by 
W. FW. in lat. 4* 39 N.. 5 far dbes THR pri to e weſtward, 


Lat. from "0 52'S. Fes I SEA 
Lat, to 4 3oN £ £0. 


| Diff. lat. 8 22=502 W 5 LD £2 * 

Cos r. Deſcribe the quadrant amp: Draw the meridian AD=502, 
FS through p draw Ds parallel to A p : make 1 points: Through 
4 draw AB meeting DB ina. | BN 


” 


Courvration... | 


„Aedet co. = 152 o, 32680 As coſ. o = 619, 82 0, 32650 
To diff. lat. = 502 m. 2,70070 | To diff. lat, = 502 m, 2,70070 
So rad, == 90 00 5  10,00000 80 lin. co. = 610 * 9,5945440 
To did. de, 3102720 To dep. = 938.9. n 
Sp. M0 | 
The rt Bes 8, m. to the weſtward. | 
- Ade The — Abe 1065. n e 


. IV. 4 ſhip from at. 30 I NV ſails SE. by E. 28.3 and 
four days after meets a floop ꝛuho had ſailed diretily eaſt at the rate of6 miles 
an hour, ſhe having been, four days before, under the meridian the ſhip de- 


| parted from Required the drfference of. their rates of ſailing, and their 


preſent latitude? _ Mg. n= J 
As the ſhip and ſloop ſailed from the ſame meri- Bn 


dian, and the floop runs directly eaſt; therefore 
her diſtance will be the ſhip's departure. EL 


$ 6 ne n 


» 2 


Now in 4 days are 96 hours. 
And 9b x6= 576 miles of departure. 
Cons r. Deſeribe the quadrant A m p. | Fre 75 
In Ap continued take a>=576, and draw þ -paratal to A mn. 
Make mcg 5 points, and through c draw Ac, meeting bn in B. 
＋ e B ew BD Parallel to 5A meeting A 7 Nn en in p. 
r 1 i 2 TATION, 1 
. fo, hf! _ hp 2 o, ore As fin, co. bree. 08 . 2% Þ 
To dep: = 576m. 2,6042 To dep. = 576 m, 2760432 87 
80 nd. g Natit So col. co. , = 619.52" 967350 f 
To dit. = 6; 32 m. 4781803 To To dif. lat. 30h m. a1 Fd835: ON 4 
. per | hour th 5 6,0) (beg! lat. fr. 30% 14 N. 5 
I[chip' 8 52 . if, Tar.” 5 88 8. . 
„ B N wn — mT 
vi . b Me 3 1 bog ; TY : e 25 1 


. r 
\ 
. e . 
3 4 LS $5 , 
2 [+ q SE x 
e 
1 . 4 
1 „ * * 
- 1 1 
r 
= AL. - 
1 . 
r 
n 
F 71. ES. 
a „„ 
- : * > « 
; 44% AS TW. 
* 1 . 45 wi 
. 5 e 
25 , e 
TY n 
* 5 +4 a4 * 
1 „. if 
— 1 
- p > ES, v 
* 14 


Book VII. LANE SAILING. 19 


Orsr. V. A ſhip from the lat. 48 17' M. fails SI. by 8. until he 
has depreſſed the north pole two degrees: What direct diſtance has ſhe run, 
and how many miles is ſhe got ta the weſhward? 
1 — depreſs the pole two degrees, the ſhip muſt 
fail ſouthward until her diff. lat. is 2 degrees, or 120 
miles. V'!!;!k˖- aſs 3 {6 


2d. Deſcribe the quadrant amp, and make mc=3 

points. 5 bY CLTY . 3 
3d. Through c draw AB, meeting DB, drawn through 
) ooo 43: 


_ ComPUuTATION 
Az 00: = 33* 45 . ©,08015 | As coſ. co. = 33® 45 
To diff. lat, = 120 m. 2079183] To diff. lat. 120 m. 
So rad. = go* oo 10, oo000 So fin. co. = 3345 
28, 15933 To dep. 80,18 


— 


— 


To diſt. == 144.3 


9 Ship has run 144,3 miles. | 3 
-Aniver 1 And has got to the weſtward 80, 18 miles. 


. QuesT. VI. Two ports lie under the ſame meridian, one in latitude 529 
30“ NM. and the other in latitude 47 10 N. A ſhip from the ſouthernmuſt 
ails due eaft ꝙ knots an hour, and two days after meets a ſloop that had 
= ſailed oh" wa northernmoſt port: Required the ſloop's direct courſe and diſ- 
ftance run e OO RR Inge! | 


— 


floop's departure. 
Now 2 days 48 hours. 
Then 48 x 9=432 m. departure. 
Skloop's lat. 52 30 N. 
"Ship's lat. 47 10 N. 
IHE lac. © © 5 202320 m. - 
Consr. In the meridian, take Ap for the diff. lat. 320 . per- 
pehdicular to An draw the departure DB=432 m. and dra the diſtance 
5 7 AB. e . EO 12 | e 


nere the diſtance which the ſhip fails eaſt is the 


1 As diff. lat, = 320m. 7,4948565 As fin. co = 53 28 0,09 5OT 
WM To depart. = 432 m. .2,03548| To depart. = 432 m. 2,63548 
o .7ad. == go* 10,0000 S0 rad. 90 of 10,0000 


eco. = 53.28  10,13033|Todiſt. , = 5s 2,73049 


UE nt RG 


** « 


(ons Eg 
Quzsr, 


— 


urs r. VII. 4 pip from a port in latitude 380 25/ F. ſails between the 
SC. and WW, at the rate of 7% knots an hour ; three days after meets a ſloop, 

- who two days before had ſailed from a port under the ſame meridian which 

. the ſhip departed from, and kept on a weſt courſe 8 miles an hour : Required 

. The ſhip's direct courſe and preſent latitude? — * . 


Now 3 days is 72 hours, which, at 72 knots an 
hour, makes 540 miles for the ſhip's run. 58 b 2 . 


l ; And 2 days is 48 hours, which, at 8 knots an hour, 
3 Se. makes 384 miles for the ſloop's run, and is equal 3 *% A. } 
3 to the weſting, or departure of the ſhip. 0 
- | . | 4 EH n 
bl - | = : : ; , k : ö PRES 
Coms r. Having deſcribed the quadrant amp, : of : 
make ab=384; from A, with 540, cut bs pa- B 9577 
| rallel to AD, in B; draw AB, and BD parallel to A p. 
| 15 1 Cour r AT LON. ; 
As at. = 540m. #7,26761 As rad. = 9go® OO 10,0000 . 
. Fo ml. © = 90 Oo 10,00000 | To dilt. = 540'M- 73239 
So depart. = 384 m. 2,58433 |So'col. co. = 45˙ 20 9g,84694 
| To fine co. = 459 10 9,85194|To diff. lat. = 379, 2.57933 
/ | = | * 


Courſe 8. 459 20' W. or SW. 


& 650) 38, 0060 20 | 
Preſent laticude is 44 45” S, 


And (38® 256. 20'=) 4% 45 8. Auſder i 


CD 


my 1 


aàt the rate of 8% knots an hour; after three days ſbe meets a ſhip who had 
run due W. 342 miles from a port 30 leagues to the eaſtward of the meri- 
dian that the brig's crew thought themſelves under; who alſo found, they had 
not increaſed their latitude ſo much by 24. leagues as by their account: Re- 
quired the true courſe and diſtance the brig has made?;&ox _ 508 


Now 84 knots an hour for 3 days, is 612 miles for 

the brig's apparent northing ; from which taking B 

24 leaguts, or 72 m. her error in account, there | 

: remain 540 miles for her true diff. lat. | „„ 

* And as the ſhip's departed meridian is 30 leagues, or go | . 

| miles to the eaſtward of the brig's; theſe go m. 
being taken from 342, leave 252 m. for the weſt= - pt. 1 80 

ing from the brig's meridian. 5 ES 

So that the brig having made 540 m. northing, and 252 m. weſting; 
her courſe and diſtance, found by the 6th caſe (33), will be | 

Courſe N. 25% O17 W. or NNW. FW. nearly.  —- 
Diſtance 505, miles. 0 52 
It may be proper to obſerve, that when radius is one of the three terms 


given, and not the firſt; then the log. of the firſt term being ſubtracted 1 


from the log. of the other term (radius excluded), leave the log. of the 


ich term; by which mans tlic gouble of taking the arith. comp. of te 
„ I ow 2,8 | FEW \ "Ni 


iſt term is avoided, J wot 408 
HW, SECTION 


* 
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| Quesr. VIII. A brig from a port in latitude 28 39/ N. Ge due N. 


. . 
q 6% at So 2 2 
8 We, 2 * 


* — 1 2 
ee An 15 2 4 
Fe FF ET . 
„„ De nh Sg 
y 22 ö 


27 r - SOS . 7 7 es 46; " e _ d — 1 
3 F „ N 1 . 27 8 . a 
. — - 1 7 fi g P : e nn . .. SEEN; — & ets eg - — W Ko Ot = =, eb 8 r * 
* * 2 r 22 * . . 2 3 . Rag 2 ˙ WNT KN. 
: HSI here, ge 1 * 2 ö 4 * CCC e 1 ” 2d 1 
* * 3 ˙ TC OR EIN A og IT 3 " Sy . : — — IES 2 124 5 ” 82 * 22 n 
g 9 9 K * My * 4 - g ! TE A * — 0 4 2 4 \ 


2 n 
r 
N 
e 


— . 
8 
* 15 


1 SS = So 
L 8 7 


= 
3 = 


* 
— 


. — 29 
5 1 S 1 N 1 * 
r 
? 
P 


1 
8 
3 
1 
25 
* 6 


E 
o 
bw. 
kb 
* 
* 
i 


8 


8 
4 
H Pogo, 
<4 We ow 


- hes, . 
1 3 
oy Yi 1 4” 
„ 
n 


« s * 
5 A 0 4 
"— Ad I 
£8 : 
1 * 7 
4 8 7 : 
6 4 4 2 1 


* 
| B 


1 


* 


een 
Of Compound Courſes. | 


36. A CompeounD Coursst is an irregular track which a ſhip makes : 


in a known time, by failing on ſeveral different courſes: Or where two 
or more caſes of Plane Sailing are concerned. 14 8 3 


" A TRAVERSE is a compound courſe, wherein ſeveral different ſuc. 


ceſſſive courſes and diſtances are known. 
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35. Ta wen a Traverss, 


Or, to reduce a compound courſe to a ſingle one. 


|, Make a table of ſix columns, title them Courſe, Diſtance, N. S. E. 
W. Begin at the left ſide, and write the given courſes and diſtances in 
> their reſpective columns. e ; | 


24. Seck in the traverſe table the given courſes and diſtances, and ket 


the correſponding differences of latitude and departures be written in their 
proper columns in the table made for the queſtion, 


whole departure, of the ſame name with the greater alſo, 


4th. The whole diff. of lat. and departure to the compound courſe be- 
ing found, the direct courſe and diſtance will be found as in Caſe VI. of 
ſingle courſes. f % POET LF-Ero 
To consTRrUcT a FTRraAvEeRss. 


iſt, Deſcribe a circle with the chord of bo degrees, and divide it into 


4 quadrants; marking the north point with N. 


2d. Lay off each courſe on the circumference, reckoned from its proper 


meridian ; and from the center to each point draw ſo many blank radii "Pp 
mark theſe with the proper number of the courſe. 1 


4 
my 1 AE 


through this extremity, and parallel to the ſecond radius, draw the ſecond 
diſtance of its proper length; through the extremity of the ſecond dif- 
tance, and parallel to the third radius, draw the third diſtance of its pro- 
per length: and thus proceed until all the diſtances are drawn. 
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39 Pp bo C3. WP 
3 ö f | | 
a 5 3 * ? * 4 AN 


ook VII. PLANE SAILING — ur. 


; oy 
bs. x. " 

V4 11 f 2 « 2 L 

ESSE MESS 


34. On the firſt radius, lay the firſt diſtance, mark its extremity 3 
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4th. A line drawn from the n of the laſt Jiftance, to che center 
of the circle, will repreſent the diſtance made good; and a line drawn 


from the ſame point, perpendicular to the meridian (lengthened if _ 
IN" wall hag the departure, 


not in the direct one to the port; and then wants to find the direct 
courſe and diſtance ſhe muſt run to ns! her 1 obſerve the fol- 


; lowing ns: 


iſt. Find the diff. lat. and dep. REN the ſhip! 8 firſt { place and the 


port bound to. 


— 


| 39 | 5 


2d. Find the diff. lat. and dep. between the ſhip's firſt place and the a 


2 ſhe is to come to. 
d. If theſe differences of latitude are both of the dan name, take 


their difference for a new diff. lat. > But if of contrary names, take. their 


ſum. 


4th, If the departures are both of the ame. name, take their difference | 


S-* 


for a new departure : But take their ſum, if of contrary names, 


sth. To this new difference of latitude and departures find the courſe 


and diſtance (33). 


6th. If between the place ſailed from, and the place come to, there ils 


been more than one courſe: To each courſe let the diff. lat. and depar- 
ture be found; and let their ſum or difference be taken according as they 
are, of the ſame, or of contrary names; and this will give the diff. lat. 


and departure between the place ſailed from, and the Place come to; 


Then proceed . the 3d, 4th, 1 SY precepts. - 


'To CongTRUCT A Compound Couxse. 


bee any f the figures after Dueftion E II. 


iſt, Deſcribe acide, in which draw the meridian and parallel of the 


place failed from, 


2d. Conftruct the . Lon the 3 failed from, tet 4. 
and the place bound to, marked B; and let the interſection of the diff. 


lat. and departure be marked D. 


zd. Conſtruct the figure. between the place failed from, or a, and the” 


place come to, marked c; and let the interſection of this diff. lat. and 
departure. be marked E. 


Ath. Through c draw er parallel to Ab, meeting up; continued, if 


neceſſar in F,; and draw CB. 


th. Then in the triangle CB, the lines CF, FB; cn, will repreſent the 
diff. lat, departure, and diſtance between the place dme 0, and the Place, 


"bitind to. 


. 6th. From the center & drab a-line parallel to eB; in the  diredtion, 


from o to and this ſhews the courſe wanted, 


JI * 
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. +3 Wo - >» is bound from a given place to a known port; and 
on ſome occaſion A obliged to run on one or more different courſes, 
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40. Examples zo exerciſe Traverſe Sailing. 


' QuzsTION 1. 4 ſhip ſai 


run the 
216-9 
Ath. SE. b. E. diſt. 60 m. 


is from a place i in latitude 24* 320 N. and has 
following courſes and diſtances, VIZ. 

b. W. diſt. 45 m. 2d ESE. diſt 50 m. 34. SW, diſt, 30 m. 
sth. SW. b. S. ZW. diſt. 63 m. 


© Required her preſent latitude, with the direct courſe. and di 288881 between 
the we JE from, and the place come to? 


Conſtrudt1 the traverſe table by art. 55 and the figure _ art. 37. 


| | 


\ The” traverſe table being com- 
pleted; the ſum of the ſouthings is 
149,2 miles, and fo far the ſhip has 
got to the 1 or altered her 


2 latitude. 
ring lat. 2 24˙ 2 N. 
Preſent 1. 22 03 N. 6 


| The miles 0 departure i in the 
eaſt column are 96, 1; and thoſe in 
the welt column are alſo 96, 1: But 
as the eaſt and weſt departures are 
directly oppoſite, they deſtroy one 
another, and the ſhip in her pre- 
ſent ſtation has made no departure; 
therefore ſhe is under the ſame me- 
ridian which ſhe failed from: Con- 
ſequently her courſe made good is 


directly ſouth; and her diſtance is 


the ſame as the difference of lati- 
nes which is 1492+ 


l 


PY 


| 8 3 2 N. 8 
[ TRAVERSREH TABL E. 5 kN 
| | 7 3 * 
Courſes. D. N. S8. E. W. | 8 4 
SW. b. W. 45 e's, 25,0 37:4 | ; 
ESE. „ 1601 19.1 46,2 * 
TTT ED 1 0 wo 
SE. b. E. 60% 33.349, 
| SW. b. S4W.\6z| 50% 
| e 1 149.2 96,196, 7 . 
5 n e | 'E 


In this figure the circle, which is 
deſcribed with the chord of 60%, re- 
preſents the horizon, the center of 


which is the place the ſhip ſailed 


from; through that place are drawn 
two diameters, at right angles to one 


fſanother; the one repreſenting the 
meridian, the other the parallel of la- 


titude which the ſhip departed from: 
On the circumference are laid the 
ſeveral. 1 and numbered 1, 2. 
35 4» On the firſt rhumb A 1, 
is lai "the firſt diſtance aa = 45; 
through a, and parallel to the rhumb 
A 2, is drawn the. ſecond diftance 
ab=$0; through 65, and parallel to 
the rhumb A 3, is drawn the third diſ- 
tance hc 303 through c, and paral- 
lel to the rhumb A 4, is drawn the 
fourth diſtance cd = 60 ; through d, 
and parallel to the rhumb A 5 13 
drawn the 5th diſtance de 6g. 


2 * 


Qpks r. 


ift. NW. b. N. diſt. 20m. ad. SW. diſt. 40 m. 3d. NE. b. E. diſt. 6 m. 


NE. b. E. Ce 33, % [499] | . 
SE. 1S$ 38,9 38.9] | ; 


1 | Feat 70. Dep. : 


- The ſum of the eaſtings is 149,8, 
and that of the weſtings is 79,6 ; 


' ſhip has gained ſo much to the eaſt 
ward. that being greateſt, 


_ cimal place is uſed in theſe traverſe queſtions, and that place is increaſed 


gives 28,28; for which it is ſet down 28,3 3 becauſe 28,28 is nearer to, 
28, 30 than to 28,20; And ſo of others. 


7 


— 
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' Quesr. II. A /hip from the latitude aße 32/ N. has run the fullnving 


= - 


courſes, vix. | i 


— 1 4 


# 


4th. SE. diſt. 55 m. 5th. W. b. S. diſt. 41 m. 6th. EN E. diſt. 66 m. 


| | Required her prefent latitude, with the direct courſe and diſtance between 
the place ſailed from and the place come to? e 


1 


 ConfiruRt the traverſe table by art, 36, and the figure by art, 37 


— 


— — 


— — 


TRAvERsSE TABLE. : 


O> SO] 


No N zs. 
| | | „ 


KF Y 


Courſes, D. Wis] -E VN. EI pe N | | i 5 it 


"© 


* 
4 
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61,0 


15 1 
_ | 
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” * * Fes AI 
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„ 3 — * N © . , . Fo * 7 
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b — _ 
ph * EY . A 
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| 79,6 ; ; | | / 


1 8 ——— 


BR ble being 125 5 i 5 
The traverſe table being filled up, | E 


the ſum of the northings and ſouth- | Here A is the place failed from z 


ings are both 75,2 miles; which, be- | and c is the place the ſhip is come 


ing of contrary directions, ſhew that | to, by ſailing along the lines A a, 4 b. d 


the ſhip has returned to the ſame [O c, c d, de, ec. "Is 

parallel of latitude. which ſhe failed | The diitance ſhe is got from A, is 8 | 

from. - . repreſented by Ac; which alſo xxx : 
preſſes the rhumb between A and c. = 


3 


their difference 70, 2 ſhews that the 


? 


o 


Conſequently the courſe made is due caſt. 
And the diſtance is 70,2 miles, _ e Ie © ing flats 
Although the figures in both the traverſe tables, at the end of this book, 


. 


contain two decimal places, beſides the whole numbers, yet only one de= | 


by 1, if the place omitted exceeded 5: Thus, the courſe SW. diſt. 40, RF | 


» 4% 


* ; — 
5 4 ; 
| EST. ; 
. X % 1. 0. 
g N | 5 
: - 
- 54 . 5's a , 
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Qypxsr. III. Since yeſterday noon we have run the following courſes : 

Iſt. SW. b. 8. 20 m. 2d. W. 8 16 m. 3d. NW. b. W. 28 m. 
What diff. lat. and departure has the ſhip made, and what is her direct 
eourſe and diflance® DE 7 . 


þ FP - AY 
ha 1,21 Sand * * * 4 ” ” 


\ 


TRAVERSE TABLE. 


45 PM 


D. N. J s.| E. |w.| 


3» SW. b. 8. Jos 16, 1 11,1 
W. | D 16,0] 
POW eb 28] 15,6 23,30 
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88E. 
ENE. 


SW. 
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$4 


29,6 
5 5 
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2 — 


21,0 


1 


TAC 


| 


28,5 


15+9 


21,00 — 25,2 


— (— | : — 


D. lat. 50,7 Dep.] 50,7] _ TE = 


| | As the diff. lat. and dep. are equal, the courſe is S. 45* W. or SW. 5 N 
And, as ſ. . A: cx: ſ. R: Ac. Ori. 45 000: 50, 7m. ::1.g90% oo: 71, m. 
Quxsr. IV. Two Hips, A and B, part company in lat. 31 31 N. and 

| .meet together again at the end of two days, having run as follows: . 

A. iſt. NNE. g6m. 2d. WSW. g6m. 3d. ESE. 96m. 4th. NNW. 96m. 

B. it. NNW. 96m. ad. ESE. 96m. 34. WSW. g6m. 4th. NNE. 96m. 
Required the lat. arrived in, with the direct courſe and diſt. of each ſhip ? | 
As the courſes ſteered by both ſhips are equally diſtant from the meri- 
dian; therefore one traverſe will ſerve for both, 
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TRAVERSER TABLE. 


1 
I I 
i 3 1 
Wo r 
I Courſes. D. N 
8 © = 
2 Kt. ; 
7 
. 
* 9 


een 


A 15 


2 25668 
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QUEST. 
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——— — . — — 4; 1 


nr * * 
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Toth. North 
13th. Weſt 


10th. South 


19th, ES. 


22d. NNE.” 
3 the Ay 5 mw with the dire? courſe and alen, > 


PLANE 
| Queer: V. Supa 4 Si a lat. 40 dof A. fails. as follows. 


5 iſt; SE. b, 8. 29 m. 
Ath. ENE. 
7th. Weſt 


50 m. 


23 wm. 
ITO m. 


62 m. 


82 m. 


10 m. 


IAth. 


2d. NNE. 
.. 
th. 88 E. 
IIth. E. 2 N. 
North 
17th. 
20th. 
23d. 


South 
Weſt 


* 


„„. 


a 


— 2; 


Courſes: N 


SAILING. 


10 m. 
190m. | 
62 m. 
10 m. 
Weſt 52 m. 
110 m. 
25 m. 


£ * Tt CY ” 


2 262 21 262.4] | 


As the FEM of the ; North! and South 1 of Fulitudes are equal, 
and the Eaſt and Weſt departures are a therefore the ſhip i is re- 
turned to das. age ſhe —_ from. 


E A 


Sch. NE. b. N 
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3d. ESE. 
29 m. 
gth, WSW. 2 W Am. 


'T2th. North. m. 
I5th, Weſt 8 m. 
n South © em. 
4k. WNW, AW. 4am. 


ws 7 1 3 . MW 4 " 
| oy BY 
N LS — 1 
j 
3 
; : 
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30 m. 


# WE. 
= 4 f 
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LY 5 - S 
'P AW 2. 
2 EST. 
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Bock VII. PLANE SA LING. 27 
Qousxsr. VI. The laſt 24 hours we have run the following courſes, viz. 

9 x. SE. 140 m. 2d NE. 28 m. 3d. SW. b. W. 52 m. 
1 4th. NW. b. W. 30 m. th. SSE. 36 m. Sth. S E. b. E. 38 m. 
. Reguired the aff. latitude, —— direcs N and diflance? 

4 | hy TRraversse TABLE. 4 07 

b; Courſes, p N. | 8. | B. | W. 

4 [sE. ho \ 28,3 28,3 15 

"oY NE. | 1428 19,8 | 19,8 "Ss 4 

by SW. b. W. 52 „ 28,9 75 43,21 

A NW. b W. 30] 16,7 F 2 , 
B 888. - 430 43375 15398} 

3 SE. b. E. 5s[ 32,2 48,2 . 
1 e ee eee e HE 

4 „„ 4 D. lat. os 42,0 tel E — 5 


Fer the courſe. As 86, zm. 42m.:: Tha. t. 25? 500. Or SSE. 4 E. OY 
For the diſtance. As ſ. 25* 59“: 42m. : : rad. : 95, 87 m. 


Quesr. VII. Ye/fterday noon we were in lat. 3* 18“ S. and 1 ince then we 
have plied on the following courſes, viz. 
it. NNE. 22m. 2d. N. b. W. 30 m. 2d. NE. b. E. 40 m. 
Ath. ESE. 25 m. 5th. SSW. 18 m. th. NW. b. N. W. 50 m. 
7th. NE. E. 42 m. Sth. W. b. S. W. 45 m. th. SW. b. 8S. 20m. _ | 
roth. E. b. N. i E. 62 m. Required our preſent lat. and departure . 
| Toth the courſe and diſtance made good 5 | 


222 


Trxaverss "TABLE, 


* a 
r - 
#$ - ; y 1 
55 LIE 5 5 
42 3 5 . 
5 ourſes D N 8 E W 
5 rie 0 o * * 8 22 
T py, - 
. 72 5 
4 


—— 28. | 
d,, 30 29, 4 | . 5˙8 | 
NE. b. E. 4% 22,2]. | 333) | 
ESE. e . ee 
SSW. 18 [156,6 6,8 
IN. b. N. W. 50 38,6 4357 
= gd . 1 [142] 26, 6 | 32, : p 
Bo $ ; . 8 ET 
be. SW. b. 8. 05 = Fares 55 8 Fig 


* E. b. N. I E. 62 1 9˙1 | ; ——— * 
J 1 . 146,2 2 158,6 100, ˙ \ EY Pl 
Þ { 3 ern 2 2 Ig — N | . . 25 V. 
1 | . , „„ F 
1 e ee nn 5 ke” 

5 V D. lat. 58-4 50 


Por the At. 70 0 30 2 8. 4m. :: . + II 155 the alte. 4 
And 435 1815 39 2139 8. the preſent latitude, | | 
"Ng | Gun, 15 


— EEE 6 
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à port in lar. 28 35 5 N. lying 196 miles to the weſt ; and this day at noon 


Lat. from 33 15, NM. [Lat. from 33e 15“ N. 3 
Lat. to 28 N. Lat. in 30 20 N. Pt . * 


Diff. lat. 4 40=280 m. | Dif: lat. 3 2 us 


QuesT. VIII. N Hera noon we were in lat. 335 1 & N. and . 


we were in lat. 30 20 N. having made 168 miles f weſling : . = 
the direct courſe and diſtance to our intended port? 


The figure is conſſructed by art. 39. 
Thus. In the meridian take 4b 280, AE 
175; in Ds, Ec, drawn. parallel to the parallel of 
lat. Ap, take BD 196, Ec=168; draw AB, Ac, 
cB; and draw CF parallel to Ap, and Ac parallet -. 
to ene : 
Then A is the place failed from; c che place come to; B the place 


e e 


bound to; cB the diſtance the ſhip bas to fail ; and te arc Mc meaſures 


the angle of the courſe ſhe muſt ſail on. 


From-avD - . From 5s = 196 
Take WP 5 175 Take ceE=rpD 0 
Leaves Eber 20 103: - ©. 4Lves B-- =" 28 


1 


In the triangle CFB. 


3 To find the courſe, To find the Bagh: a 
As or, diff. lat. 16 bad As ſin. co. = 14* 56 o0©,53888g 
To: wp, ep. = 28. 1,44715 | To dep: =28m.. 144716 
So rad. | == 9g0® o0' 10,00000 So rad. 9 oo 10, oo 
To — vor, t. eo 14 56 9,4296 FTW diſt. 3 2,03605 2 


Anſwer: Courſe i is 8. 14 56 W. or S. b. W. i W. Din. 108.6 miles, 


Over. AX. 4 ſhip from latitude 145 250 N. * bound to a ory in 2 
titude 5 P1870 N. e 476 miles ts the eaſtward, finds ſhe has made * 


miles ſeuthing, and 150 of eaſting : e we courſe and Kenora 


has to ſail, to reach her intended port ? 


The figure is conſtructed by art. 39. 
Lat. from 14% 25 N. 
Lat. to 5 1 N. 


e e 


Ditz. t. 9 7 = 547. miles. 


JAS © =547| DB - = 476 
AB :. Ms - 1]. EC==DF = 150 
5 RE 338 —— — ny 
ED=cy 147h.-#S | == 26 - pl. | —_ - 
+7 8 | | 37 'D F A 


if Than hv: 152 » Or 147 28 « 459: ft. 659 4 


And ſ. 4,yrcB :FB:: rad.: CB. Or ſ. kB £1 . 900 357,6. 
1 Courle i is S, * At: E.; or SE. b. E. k Diſlanco 357.0 m. 
| 2 Quksr. 


4 


Diff. lat. 9 54= 594 miles. 
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QuesT. X. Four days ago we were in lat. 4 30“ S. long. 8 35 160 E. of 
Tondon; and now we are in lat. O35 N. having made 200 miles of weſting : 
— Required our preſent courſe and di lance to a in the 7 of Sumatra ? 


The 4 is conſtrued by art. 39. 
Lat. from 4* 39 © 
Lat. to 5 15 N 


— 


Lat. from. i 390 B+ 25 Long. how, 832 16% E. 
Lat. 1 in 9 N. Long. to 95 55 E. 
| Dif, lat 14=314 miles, Dif. long. 12 39=759 miles... 
9 = 594 1 wn = 759 
AE = 314 vi x3 FD: 9 19 = 
15 = 280 Ser. 1 939 


In the triangle CFB, to find the courſe and diſtance. 
As cr: FB:: rad. : t. /.FcB, Or 280: 959 : *&. 45 990%: t. 73. 43's 


As ſ. FCB: FB:: rad, : Ch. Orf. 73 43: 959: : ſ. G0? oof 999 · 


| The courſe is N. 73* 43/ E. or ENE. 2 2 E. 
Anſwer} The diftance is 999 miles. | | 


 Quesr. XI. A hip from the lat. 10% 38/ M and bound to a port * 
282 miles to the 8. 2 b. S. after three ſucceſſtve days of bad weather, finds 
berſelf in lat. 3* 58 N. and 120 miles to the eaſtward : e her 925 


er 2 * and di 1 to her intended port? 


The Sure 1s conſtructed by art. 30. 


In the wats 459, find Ap and BD. 


— 


As rad. 2% Ls „ A0 
Or rad. : 282 : : ſ. 5615“: 234,5. 
And rad. : AB ::f, LE BAD : BD, 
Or rad. : 282: : f. 33% 45" : 156,66. 
"Lat from 10* 38'N. „ See 2 1566 
Lat. in 3 38 N. ap 2234,55 R DF = 120 
Diff. lat. 6 402400 m. 'pr=er=165,s BF = 276,6 


— —_— ——— 


In the triangle c find the courſe and diſtance. 
As er: FB: : rad.: t. AFCB, Or 1655: 276,6 ; : rad. : t. 59? 6”, 
As ſ. Lc: FB:: rad. : CB. Or ſ. 59*&/ ; 276,6: : rad. : 3224» 
Aufver Courſe is N. 59600 W. Or NW. b. W. W. 
| 15 W is 322,4 miles. 0 


Quer. 
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Quzsr. XII. A hip in the 15 17107 N. is Gs to a port in the lat. 
3 10' N. the departure being 180 miles weſtward, fails theſe courſes. 
xt. SW. b. W.27 m. 2d. WSW. ZW, zo m. zd. W. b. S. 25m. 
4th. W. b. N. 18 m. sth. SSE. 8 ich. 88 E. 4 E. 27 m. 
th. 8. b. E. 25 m. Sth. South. It m. gth. S8E. 39 m. 


5 her FO latit. and the dired coſe and - Mance to the deſired 
| Port | 
The figure is confliuQed by art. 39. 98 lat. 170 o1 oN. 

3 | L Lat. bound to 13 10 N. 


$ " Þ, 
a. * 4 ol yy _ 


uw n Y * W 9 
o 


8 TABLE. Diff. lat. 4 00==240 m, 


4 4 3 


* A ; | b ; | . 3 5 
25 OD Ya” is | | SE 

18] „„ FAIT} } 3 4 
320 4 — . 

27 
1425 
3 
99 


LEY 
* * . ** 


— 
% 
X ”- 
05. 


45 93.3 
6— 45-90 


Now 1 10 Ne. lat. And av=240,0 | Alſo Bv=180,0 
 b0)16g( : 49 S. =Dift. W.. 45 109,2 oe 47,45=FD 
24 21 . e —Pref. lat. eren == 29, 5 BF==132,6 


f 


—_ 


1 the lane erz; 
To find the courſe. CF.: FB: : rad. : t. g. rc. 
= en, 70,8: 132, :: rad. : t. 615 54. 
N Teo find the . res FB:: rad. .. 
e 132,0 2: rad. 150, 3. 
T CThe preſent latitude is 14 21' N. 
| Anſwer Courſe is 8. 61 54 W. or SW. b. W W. 
Diſtance i is 1 50, 3 miles. | | 


* * 5 * 


In tis queſtion A * the place the ſhip ſails from, | 
97 A place ſhe is bound to. 

| 45 is the place come to by the traverſe. 

And en is, * hg ouſt alen to come 0 8. b 


4 


— — — — — —— Io — - 
. . - —_— — — — — = —— 
— 3 — — — - - — = — — 
——y— —— — ——— — —̃ 


— 
— r I SE a. 


Book vn. PLANE SAILING gr 


- Quesr.- XIII. Ye erday at noon we were in latitude ob 15'S, and bound 
19 4 port bearing NE. b. N. 2. . in dae 2” jon * * the "5 we 
have run the following courſes, vix. vt 


NW. 25 m. NE. b. E. han.” E. b. 8. 1x. 32 m. NNE. - 41m, 
_ ESE. E. 24 m. NE. b. N. 39 m. WSW. 24 m. 


Required the ſhip's 3 ue, with the dire cuſs and a to the i ins 
- tended port? 


” The dif lu % 5e w 


1» 


In the 1 Abs, the departure e | ö 
DB will be found to be 12 « bay 
In the traverſe, the diffJat. AR 


82,6; and the departure 10 758 r 
miles. Fo: . | 5 8 
In che triangle crB, where „ 2 * 4 ? 
| 2674 FB 47,5; the courſe is FH 
b. N. 1 E.. ( * 
and the diſtance is 82551 miles. . 
, % 4 Fd 


—.— 


1 XIV. 4 fhrp from the latitude » 18 14 N. is bound to a port 


WR sf SM. b. S. , and 138 miles to t e having feeds the 
Im ng courſes, vix. 


SSW. 22 m. 8. b. E. z E. 38 1 m. NNE. 30 m. WSW. $7 m. 
NNW. 45 m. S. b. W. W. 50 m. i 


nga the ſhip's nds with the direct courſe Fer difBance to ab defired 
port 


\ 
7 5 T4, * 


In the triangle ADB, the diff. Jae. 
AD will be found to be 168, 2 miles. 
In the traverſe, the diff. lat. AE 


257 m. and the os, R= 
70% m 


be - A.... 


l 


- - »>* Fan. 


5 TP f 
In the "triangle ern, where CF = : Y vo 
112223 FB=67,7. 4 9 
The cburſe i is 8. 315 20” W. or -FY 
SSW. 2 W. 4z 3 
The diſtance is I 155 2 miles. : 
Latit. from Song N. 
Diff. of lat. 1 o 57 8. : 
| Fl 7 1 
e eee 1 17 N. .t £/ 
05 # — 1 ＋ a 
ty — 1 Pr: 1 — D 


a> 


\ 


— 
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Gr xv. 4 [hid in the lat. 1 oO. S. is ane 1b *a port in . s 
Fw 1 100 N. diſtance 220 5 in the Mi. quarter ; and . with. con- 
hes winds, runs the following courſes, viz. 


'NE. b. N. 63m NW. EW. 85 m. North 96 m. NNW. 67 


S tt 


n the ſhip's. place, PO the ae and dance to her þo rt? 


In the triangle ADB, the courſe 
DAB will be found = 53 477; and the 
departure DB=177,5 miles. 
nothe traverſe, the difference of 
ht. ag=285,9. | | 

The depart. Bc=61,3, 
In the triangle ces. - | 

Where cr =(ar—ap=) 155,9. 

| BF=(DB—CE =}. 3362» 

The courſe Fe . 
The diſt. cg 19,4. 

4 The preſ. lat. 5 46 N. 

Anſwer J The ks SW. b. S. TW. 
= , Diſtance rt drop es 


8 


> 7 


— 4 | : | 5 . 


* * . 


Q 2 XVI. 4 4 * the lat . 10 36 N. is bound 0 a port Hing te 9 
the S. eg no diflant 420 mils and 130 to the eaſtward ; and Oe _ 
1 on the fal wink courſes, VIZ, "2 


SE. b. E. 50 m. SSE. 4 LE heme 8. w. zam. s W. m. 
pn 185 ESE. 2 K. 95m. 5 


. * . 3 


— 


5 Dun! to know ber Mace, and the direct ny Per di 2 to ber = ? 


| In the triangle ADB. 
28 I ue courſe is 8. 25 237 E. 
T The diff. lat. av=379,5. 
In the traverſe AEc. 
The diff. lat. AB = 324, 2. 
The depart. EC=247,4- | 
The preſ. lat. is 30 48/8. 
In the triangle cr 8. 
The diff. lat. cF=55,3. 
Departure FB=07,4. "th 
_ Courſe is 8. 50? 38/ We ; 
Or SW. W. | 
Trede a miles, 


| q 
* 4. © 4 1 1 «*Y 
4 Ps aa tu... W + » * : 2 l 
. = , * * view 5 
— . - 


. 5 | 1 2777 2 


to, 


* 
1 
4B Y 
18 ts 
8 
8 1 
"$5 OY 
EB. +. 
"> ES 
1 85 
_ 
40 
Y * 
* 
2 


* 2 
| PS 1 
*Y ( | ; k 
* 

. os | * 


ock vn. PEANE SAILING. 


Qysxsr. XVI. A ſbip rom the latitude of 4* 10“ NM. being to make an 
that bears NE. b. N.-diftant 196 miles, and having run th 
NE. f E. 75 m. ESE. 1 E. 42 m. NNE. I E. 52 m. 


4m. ENE. Z E. 49 m. It ic dg 
direct courſe and diflance ta the 

In the triangle aps. | 
The diff. lat. An = 163. 
The depart. Dog 108, 9. 
In the traverſe ck. 
The diff. lat. AE g 128. 
The depart. E 160. 
And the preſent lat. 618 N. 
In the triangle cx 
The diff. lat. r 2 35. 
The depart. FBS 51, 1. 5 
The courſe is N. 55 360 W. 
Or NW. b. W. nearly. 
The diſtance cB=61,93 miles. 


-_ 


In the triangle abe. 
The diff. lat. av=387 m. 
The depart. DC=47 l, 53 m. 
In the triangle c. 


Tue courſe is S. 430% E. 
1 


Or SE. b. S. + E. nearly. 
The diſtance C1375, 3. m. 
In the triangle M. 
The courſe is 8. 30 40 W. 
Or SW. b. S. 4 W. nearly. 
The W e hos a A m. 


: * 
4 4165 * 
1 o 
1 7 2 
> OS <A 8 N 
D * R 
+33 Py. . : 
Fl Bis $ * 
* Z. l 5 3x . p 
Fx, RE 
— 1 2 9 E 
1 1 
n o 
* b 4 
J 
5 1 : 
. 
if Wie, 
Tok) 5 wi 


N. T. W. 


ired to know her preſent latitude, with 


— 
* . 
4+ 
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'. Quesr. XIX. A ſbip in lat. 43* 20' NV. long. 15* tf W. is bound to 

St. MichaeP's, bearing S. 46 16' M. in the lat. 3745 N; and from 

thence ſbe is bound to Madeira, in lat. 32* 25' N. and diſtant from St. Mi- 
_ chaePs 514 m. in the SE. quarter: Required the diftance to St. Michael's, 
the courſe from thence to Madeira, together with the courſe and diftance from 
Madeira to the Iſland Palma, in lat. 28 36“ N. long. 18* 00' W, _ 


In the triangle apc Ne HAS: wow 
The diftance to St. Michael's, Ac 484, m. 
The departure Bc=350,1 m. © : 
In the triangle go. IETF” 
| The' courſe from St. Michael's to Madeira is C 
S. 51? 30“ E. or SE. + E. nearly. „ 
The depart. ED g 402, 3 m. 
In the triangle pC. 3 
T be courſe from Madeira to Palma is 8. 44 E 
e W. or SW. nearly: e 
The diſtance Þ6=318,9 m. 


” 


_ Quesr. XX. Departing from St. Mary's, one of the Azores, and bound 
to the river Sierra 2 after running $8 Z 36 ore; at 7 1 * an | wb 
m ſea compaſs was ſpoiled by a flaſh of lightning; then after ys. diret 
5 pro a hr 3.45 . fu a its in lat. 20% Oo NM. long. 36* 100 W. 
and bound to Mayo, vne of the Cape Verd Iſles, to which T ſailed in her com- 
pany: Required my courſe and diſtance in the 8 days run; 75 the ſame, 
whale I ſailed in company; and the ſame, from Mayo to Sierra Leon. 


In the triangle anc. 2 
The diff. lat. =depart. or AB 
cgi, a m. 8 8 
In the triangle r ñ9. 
Ihe courſe was S. 4313 W. or 
SW. b. S. 4 W. nearly. 5 
I be diſtance cD=1195m. 
In the triangle bB. 


— 


The courſe to Mayo at 1, was 
8. 69 56 E. or ES E. E. nearly, © 
The diſtance big 836,8 m. 258 
In the triangle 1M. „ 
The courſe to Sierra Leon at M | X ; 755 = 
was 8. 5829“ E. or SE. b. E. 1 E. nearly; and the diſt. 11=770,pm. 
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1 compaſs is directed to it. 


from the other NE. and SIF. their 


_ ply illuſtrated in this, and ſome of the following ſections. 


the E. b. S. s m: through a draw Ap equal to 76 miles. 


taken from. 


all the angles, to find the other ſides. 
Thus, A5 pts. 50 15. For 80 and s 9 


860k Vit. 


— 


7A 

| PLANE SAILING. 
eren vi. 
4114. Of oblique Sailing. 
| In the preceding ſections the | bearing and diſtances of places were de- 
termined by the ſolution of right-angled triangles ; but at ſea there being 


many caſes in which only oblique poſitions can be obſerved, therefore it 
is neceſſary ta ſhew how ſuch caſes are to be ſolved; which will be am- 


3s. 


To ſet an object is to obſerve what rhumb or point of the nautical 


The bearing of an object is the rhumb on which it is ſeen; and the 
bearing of one place from another, is reckoned by the name of the rhumb 
paſſing through thoſe two places. | | | . 

In every figure relating to any ca 
not runnin 
a line ae 7 thereto, 

The figures belonging to the queſtions in this ſection are in Plate VIII. 
at the a, f in which the figures are referred to by the number of the 


y caſe of plane ſailing the bearing of a line, 
om the center of the circle or horizon, is found by drawing 
from the center, and toward the ſame quarter. 


| 55 0 5 Two ſhips. A and B, ſail fade t 0 and. bearing the one 
= 4 72 being 76 miles; A ſails S. b. E. 
and B runs E, 5. 8. at laſt they meet 5 Hoew far 45 each ſailed ? 7 


3 4 ConsTRUCTION, With the chord of 60? deſcribe a circle repreſenting 
the horizon of one of the places failed from, ſuppoſe of a, the northern; 


draw the meridian 
titude WW. 
In this circle 


Ns, and at right angles to it draw the parallel of la- 


lay off the S. rhumb s o, the S. B. E. rhumb s p, and 


4 


Through B draw BC parallel to a m, meeting A c drawn through p. 

Then A and B repreſent the places ſailed from; ac and rc the diſtances, 
and the angles s A C andes A n the courſes which the ſhips had ſailed when 
they met at c, V 24 | 

The diſtances 


AC and. BC may be meaſured on the ſcale which an was 


* 


one id 


£ — 


e AB, and 


ComPUTATION. In the triangle ABC there is given 
make 5 pts. meal. LA. 
. . 4 BSSPpts.=56 15. For BC is paral. Am; and 4 B=4 Ban 
5 . | (I. 95)=5pts. 
3 and C L cm 
Therefore the ſolution belongs to Problem I. Book III. 57. 
And ſ. L C: AB:: ſ. C A: Bc. Or, As ſ. 6% 300: 76 m.:: ſ. 50 5:68, 4m. 
Now as B= LA: Therefore Ac is equal to 1c. (I. 104) 
Answan E fails 8. b. E. 68,4 miles. © Se 
II fails E. b. S. 68,4 miles. | 


4c=6 pts.=67 30. For BC is paral. Am 


+ Qyxs710N 


- 


1 SAILING. Book VII, 


. II. Crafting along F 4 beadland * NE. 5. M; then 
* run E. 5. N. 15 miles, the headland bore *. Mi.. Required the * 
tance from the headland at each time of fetti "ge 


el a. JF : 


1 The conſtruction and computation of this queſtion i is ow as in Welt 
i © being the headland, and as the ſhip's run, 


rv the Uiſtance i is ! —— te * 
8m. ' 


: , Y - 1 . F " 
. £3.48 8 2 =} XK 1 * n . 1 
— * 


_ — 8 . * 1 8 — 


a 


— ——— — 2 
_ * L— * 


. Ill. Þn doubling a a cage; 4 at 6 wp a river V bore. = 
due V.; then running NIV. 6 miles, the caflle bore ride 5 on nate my | 
5 Mance from the caftle at each time of , | | 


Here c is the caſtle, and AB the ſhip's run. 


* ANSWER, the caſtle” 5 diſtance at v4 r * w = 242 1 


+ . 
. 3 d Y 
0 x” iy bo * © , « . 
* . 


ür . ee 
Quxs rio IV. 5 noon a ; headland bore NW. 5. .; ; then ſailing ) NNE. 

5 miles an hour, we anchored at ꝙ in the evening in a creek 18 leagues diſtant 

| bn the headland : Required its diſtance at noon, and bearing fromthe creek, 


ConsTRYCTION.. Having deſcribed the horizon, and drawn the me- 
1 and parallel, in the meridian take any point A for the ſhip” s place 
at firſt :. draw the NW. b. W. and NNE. rhumbs, and parallel, to them 
draw AB, AC, 

Make AC=45m. gh. „5 m.): and from c with 54 m. 1 . 
XZ) cut Ax in B, Then is B the headland, and c the —_— 

"CompuTarTion. Here is given the fide ac=45 m.; the fide cs 
Ss m. and the Z a=78.. 45=7pts, for NW. b. W. +2 pts. for. NNE. 
- ints. ; | 

4 3 the ſolution falls under Problem 1. Book III. 45. 

And ZB = 54 49/3 therefore cg 4 260; and 439% miles. 

Draw 40 parallel to cs, then cha Loan= i 

Therefore Zaun LAWS £00WERLL op 1 which taken from 90 oo 
leaves 682 56. | wot * 
| , ance at noon is 9 miles. 

Na we headland ruled ke from. * 25 is 8. 527 m W. or 

| 1 25 0 1 4 . nearly. b 


* — — 2 1 a. 
— 2 — 


Quarnon V. 4 hig, aftir failing SE. l, f. 62 8 he dave in 
| lat. 20 16 W met a 4 that had run 124 leagues from a place e 
b. N of the port the ſbip 3 from: . was the Joop! 5 courſes 
and the d ante of the two ports ? | | 


The conſtruction and e being 31 as in the laſt, A and 2 

mou the ports failed from; and c the place where the veſſels met. 
a1 The diſtance of the ports 72,18 leagues. 

The 1 5 courſe . on is 8.53 70.8 px. IE. — 5 

UBST. 


1 


— 
+, 


„* 
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„kee VI. 555 88 hip meeting with. 4 foip of war wht had 
failed SE, b. E. 39 leagues fm the latitude of 4.5" 30 N. informed them, 
735 ſbe had been p Ker, the day before in the ſame — ; and had ſince 


= run 67 leagues on a direct courſe between the ſouth and weft ; aud that the 
We 


pirates were cruiſing about the place where they robbed ber : an e my 
115 man of war ſteer to come up with them? 


uppoſe A the place the man of war failed from, B; the place where the 
_ antman was robbed, c the place where they met; then-the man of 


x war muſt fail A, CB to meet the pirates; which courſe will be ſhewn 
3 e 


by en drawn parallel to cB. | | 

Here the given/diſtance AC is not drawn from the center of the cltcle 
repreſenting. the horizon, but parallel to co the given courſe ; this was 
done, to prevent the figure from l ſo ſmall as it muſt otherwiſe have 
been. 

Here are two given ſides and an angle oppoſite to one of them, to find 
the angle B oppolite to the other ſide A c. 

ws. CB: LEA: ac: ſ. CB. That! is, As 67 J.: ſ. 33 45: „ 

18˙ 32 85 FT 


- Answer, The courſe which . man of war muſt leer! is N. yr 68 K. 
For nen Bc 19% 9505 3 and 90 —4 nenen. 


©, * - — * . K* . 


2 ; 3 4 2 TY 3 


2 — —— — LAY Ant — * 


eee VII. Two hips fail at the et time bn: rod one 21 one ail 
ESE. and the other SSE, : Required their bearing and di france ods each 
has run 37% miles. 


Here An AC; therefore 4 4c. Now £4 A=4 points; then 
Zc=£4B8=6 points. 


ANSWER B war from 55 N. 45 „E. diſtant 2857 miles. 


( 48 _ * 2 — a MO 


— I 


Ones Ill. Sailing on a a SIP. courſe. at the rate of 44 miles an 
hour, at ꝙ o'clock in the forenoon a cape bore SE.b. E, di Mani 15 miles: Re- 
guired its bearing and diſtance. at 4 click in the afternoon.” 


 Answer. The cape B bears N. 68 08' E. diſtant 37,44 alles.” Fi 


Kere the ſhipi is at A at q o'clock, and at c at 4 o*clock : the two ſides 
AC, AB, and ſoe contained "es: A 38 points, are given, to my the reſt. 


| N a. 
AY. i 12 8 0 0 * PR 8-35 %y FIST SY N 4 
— — — 0 

ny 


.QuesTiON IX. Wanting to know the breadth of a river in the mouth 0 
which are ſeveral iflands ; from a cliff on the eaftern- fide, I failed N. 
50 miles; and then running SSH. 35 miles, 1 reached the weſtern 1 We 
1 the breadth between thoſe places. 


Hete an=50'm. BC 35 m. and CHI points; required Ac. 
n. 1 he breadth between A and o is 35535 Mes. | 
| 9 "+ Quusrzon 


1 PLANE SAILING. Book VI, 


Qursrron X. From two ports, lying. near. the ſame meridian, and di 72 
tant 236 miles, two ſhips fail toward the 74% and . when, each at run 
372 miles? Required the courſe of each, 


* In Fig, X. A and B are the ports failed ho and © the place where 
the ſhips met. Here are given the three ſides ; but two of them being 
= _ _- equal, the ſolution is eaſily found by drawing the n e lar CD. 


(III. MM 
| ANSWER, | A's courſe is 8. 71 30 E. and. B's. courſe N. Log 8. 


* 


x 
a . * © IJ 
n g * 1 n FOOTY > ih. n * ** 


: * 7 2 5 — — 


ESTION XI. Two ſhips meeting at 6 fd they had | led a out two 
ports in the ſame latitude, and N 576 miles: N ſhip om the Weſtern 
port had run between the N. and E. 328 miles, and the her had WO m_o 

| miles : Required the courſe fleered by each ſhip. 


A and Bare the ports failed from, and © the 3 where the ſhips 1 met. 
From the three giyen ſides, the angles may be found by B. III. 49 or 50. 


ANSWER. The courſe from A is N. 44 004 E. and from n ir N. 55 50 W. 


- 


| 
1 : 1 
** 


— — 


2 m 8 


— — — 5 — — 
: " 


. — 


Denies on x II. 4 IP in thiws "IH crafted N a . 
i,and: the fr ff day ſbe ranged along one fade, and her courſes reduced to on- 
was SM. diftance 64. miles; the ſecond day's diſtance" was 10b miles betwee?: 
the S. and E.; and that 0 FA the third day was 83 miles: en n the - chal 

courſes of the ſecond and third on. 7; 


In Fig XII. The firſt day's Ane is AB, the ſecond BC, the thi 
Ac. 1 the figure is thus conſtructed. 
8 deſcribed the horizon, and on the meridian and patalle! 
- (22), their interſection A is taken for the place which the ſhip failed from; 
draw the SW. rhumb a8=64 miles; from A and s deſcrtve arcs with the 
radii 106 and 83; to their interſection 05 draw the lines Be, Ac. 
raw the line Ar parallel to BC, and continue ca to . 
Then the arc sr meaſures or. gives the ſecond day* 8 courſe, . 
And the arc No the courſe of the third day. 
Now the angles being found by either method, as in Book III. . 
| the courſes will be thus obtained. . 
From ZBA take 4 points g Ls AB, there remains Z8ac. 5 ww 
I pen are s 7, or ESArSLSACH LE (= Lcar by II. 95) be * 
ſecond. . 1 
| And arc Ng, or LNA = L5AC (II. 93) i is the third day 8 courſe, | 


is 
PP 


2 ANSWER. Te ſecond 100 8 courſe is S. 835 * wade the third tay' , 3 3 
N. 4⁰ 21 N. 93 8 


— 


We dreQtions Siyen for tis 2 rat queRion may be applied to the two A s 
| preceding ones. 1 


41 


7 7 » 4 
. > * 5 
3 
% | "1, ES 
: * N % 4 * 
: : - # 4 EA x 
; f 35; EAR 
* 0 8 
1 \, 2, GER 
a | JEST 2 „ 
i 51 
. * 1 e — 
þ * 8 5 & 9 r 
= \ . Das 
1 F 2 > * , > SH IIREL 
x = 
- . " p [4 
- 
= i 
12 
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Qvbrsrion XII. Sailing 1110 a harbour I eberved two landmarks, the 
one bore E. the other M.; and after running 3 miles, the eaſtern one 
bore N. 58 30“ E. and the weſtern one N. 47 20 W.: Required my diftance 


Tow theſe landmarks at.each time W. ſetting them. 


The ſhip i is ſuppoſed firſt at A, and to ſee the bnbdigiarcs cand Þ in the 
lines AC, An; then failing to B, the ſees the ſame marks in the lines BCy 
BD, drawn parallel to the given rhumbs An, as. 

Here are two right angled triangles B; Ac, BAD to work in; there being 


known in each, the fide as, and all the angles; whence the olution will 
be as in Book il. 45. | 4 


Av n. 388 n m. ac=5,385 m m. BD 9587 m. e 


4 J i 
— — — — — 
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8 XIV. Crafting os ſhore I erbost I, lands, the one 
| bore E. and the other W.; then ſailing SSE. 4 E. 164 miles, the weſtern 
iſland bore NW. b. M. I M. and the eaſtern bore NE. 2 Z. e their 
Aue at each trme of ſetting them. 


— Cw 
—_— — — 4 —— —„— 


Here are two oblique angled triangles to ch in; DE the ſolution. 
will be as in Book III. 54 ; there being one ſide .AB and all .the nen 


| known, 


ANWSER, Ac. 1045 m. Ap = 2551 m. Bc = = 30,88 . PD =22,94 m. 


' a + 
* ; : 


—— 


| (IO XV. Three - Bips B, C, D, "fail from the * road A, and 
bound to different ports lying in the * ſame parallel of latitude ; B's courſe is 


NW. b. N. diſtance 12 miles; C's courſe NE. b. E.; and p', ie is 
EE. E. Required the diſtance of C and D mo their ports, and 1955 the 


ai iiftance of thoſe * from one another. 


Having deſcribed the horizon, and drawn the meridian and parallel, let 
| thei interſection c repreſent c's port, draw tie given rhumbs co, n, 
er: make Co=12 miles; produce nc towards A, and parallel to za draw 


0 B, meeting the weſt line in B; draw BA parallel to oc, and draw 


© AD parallel to cr, meeting the eaſt line in p: then A is the port failed 
from, and 8, c, D, are the ports bound to. 
The ſolutions of theſe triangles are the ſame as in Book III. 54 ; there 
> given one fide and all the angles. 
us Z BAC=8 points, AB=5 points, CA = points. 
The AD g gz points, £ED=1z point. | 


"ba ANSWER. ac 17706 m. AD= $639 m. B BC=21,60 m. ois. m. 


— 
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ſection c repreſents the port ſailed from. 


Bock III. 


hence BD, Da, are * by art. 52. Book III. : 


another at nine o'clock, each having run ſince ſun-riſe five knots an hour, and 


_ brig, and their di france from the ſhip in the morniug 2 ſhe ſet them. 


1 ver, with a buoy and rope of 50 fathoms fixed 'to it, I fell dun the ſtream 
till I had veered out 140 fathoms of cable, and then tbe. N Was 120 Fathoms 


parture, and BA ſhews the bearing and diſtance ſought. 


the meridian line for their anchoring place, and in the ſame line take 
' PA=25 miles the diſtance each failed ; through A draw Ac, AB, pa- 


be R to repreſent the ſurface of the water, 


| QuesTION XVI. Two ſhips, A and n, ſail from FR port c.; A Js 
SSE. 50 miles, and B SM. b. S. 40 miles: 33 their . als; þ 
tance 3 and haw far A is to the ſouthward and eaſtward & h. | 
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| Deltribe the horizon, fitave the meridian and parall] and their inter- 

Draw the given rhumbs, in which take A g0, 458.40 chen A:and 2 7 
n repreſent the places to which the ſhips are come. =_ 

Draw As; and through B; draw the meridian np, meeting the parallel 
AD drawn through A: then By is the difference of nene, DA the de- 


In the triangle CBA, 1705 the unknown ns, and ſide BA by art. 60. 


Draw cn parallel to Ba ; then E. sca « L.cas = LAGS (IT. 95) 1 
Isen the bearing from B; to A: and E sen taken from 99; eaves BAD: 


ANSWER. B 2 84383 miles, BD=12,93 miles, DA= vg Lbs.” 05 
And the bearing from » to Ais S. 72 38 . kt, 
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8 XV In. At ſun-riſe, being 3 0 "lack a a ſhip aw a ſloop jo 
the Nil,. and a brig to the E. b. N.; they all came to anchor along-fide one 


r 
n —_— . 
3 1 

ER 


the ſo1p's courſe was due north : Required the courſes ſailed by the ſloop and 
Draw the NIP. and E. 3. N. chumbs ao, an; aſſume any point pin 


rallel to a0, an, and on D with the radius vA deſcribe a circle cutting Ac, 
AB, in c, B;: then A is the ſhip's place, c the ſloop's, and K the brig's, at 
four in the morning, | 
Now 4-c=4Dac=4.D a = points; therefore J. ADC=4. points, £ 
And CL DAB o an=7 points; therefore g aDB=2 points. 
The ſides AG, AB, will be found by art. 56. Book III. 


CASI9,1I 3 miles, and C's. courſe i is NE. 
N 55 IG and B's Sie is NNW. 
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AnsWer. if 
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Qvpxsrion XVIII. Heoing PI anchar in a very DEFY due, © in a ris 


4 85 of me ; Required Fe depth of water. 


Conſtru@ the triangle AB with the three given n Len letting CA=120 
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Dine BD n to CA continued; then B repreſents the anchor, 


II the buoy, c the ſhip, and BD the depth of the water, 
In the triangle ABc find (II. 50) the angle acs ; then in the right 
a ngled triangle cps, the ſide cg and all the 85 being known, the de 

BB) may be found, as in art. 52. Book III. 


ANSWER. The depth of water DB is 48,7 I fathoms. 


: 181 225 2 
5 K 1 ** * <7 « I 
Ld * * — TE © Sa a 1 1 "wy SE" "8 n 
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and South of each other, the ſouthern one bore from the ſhip due Eaſt, and the 
other NE. b. E.; and a 


In the eaſt and weſt line take Ba= 5 miles; draw the NE. ö. E. and 


NE. b. N E. rhumbs Bn, BD; through A draw AD parallel to Bu, meeting 


Bo in o; draw DC perpendicular to AB continued. 


Now (een by II. 95 g) 3 points; the Z. DBC=4+ points. 
Then Z ABD=1ITF pts. (II. 91); CARE pt. and Z. hp gf pts. 


And in the right angled triangle BCD, knowing the fide BD, and all the 


angles, find the ſides BC, CD. 


ANSWER. AD=13.31 m. BD=9,565 m. pC= 6,07 m. cD= =7,395 n m. 


: 4 


. « 
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Draw the given rhumbs kr, Bo, Bn; make BASE miles; continue 


en till it meets An, drawn parallel to Br, inD; draw DC parallel to BA. 
then n repreſents the thip's s place, A the tower, B the mill, and c the 
4 lighthouſe, | F: 
+ The les: are made out, and the triangles are e ſolved, a as in n the laſt 


- 
[ +. « 
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Win ware m. DB= Fr m,Dc= 1 and ve=1,785 


* 1 4 » 5 3 * 


| Then p and c are the headlands ; ; A, B, are the ſhip' > places at the 
times of ſetting them, and As the diſtance failed. 


In the triangle ABD having the ſide AB, and the angles given, find the 
| ſides AD, BD, by art. 52. Book III. 


| "Gas ESTION X x. Having caf 3 I TP WR the 3 PV a tower, 
a mill, and a lighthouſe, known to lit due eaſt and weſt of one another; the 
L tower bore WS. the mill SIP. b. S. 1 M. andthe lighthouſe S. b. W. 2 N.; 
= the diftance of the tower from the mill is 57 miles: How Jo are "eo of thoſe 

2 objects diſtant from the place where I anchored © 


' QuesTion XIX. EO: within b f two headlands PAD North 


__ 


ter ſailing due Eaft 5 miles, the northern beadland . 
| equired the diſtance of theſe headlands from one an- 
368 other, and their diflance from the ſhip at each time of ſetting them. | 
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SECTION VI. 


of Sailing t 70 1. Vindward.. 


_-42--When the wind is . or . XOX 2 ſhip! . liredt © 4 0 


to the place ſhe is bound to, ſhe reaches her port by a kind of zigzag, or 


2 like courſe which is made by failing with the wind firſt on one hide of 


te ſhip, and then on the other. 


_—— 


"" 199 ſhip, and looking toward the flem « or bebe; as . Bay 
STARBOARD ſignifies the'right hand fide. {RA e . 
LaR BOARD the left hand ſide... _ $7 ke . 5 
Fox wAR n or AFORE, is toward the bead or oa of the © ſhip. ö 

- Arr or ABA r, is toward the hinder part, or ſtern. | 
The BEAM TS athwart, or acroſs, the middle of the * 


| When a ſhip ſails the ſame way that the wind blows, the i is faid to 
fail or run before the wind; and the wind is ſaid to be right aft, or right 


| aftern ; and her courſe is then 16 points from the wind. 


Wben the ſhip fails wih the wind blowing directly acroſs her, ſhe i is 
ſaid to have the wound on the beam; : ang her courſe i is eight points from the 


wind. ; EAN: 


When the 2 blows a dero che Gin, the wind is ſaid to be 


abaft the beam, or before the beam, according as her courſe is more or lefs 
than eight points from the wind. | 


When a ſhip endeavours to ſai] n chat point of the ons from 


ar, 
Nee failing as near as ſhe can to the TINY From which the Bend 
blos, is ſaid to be cloſe hauled. The generality of ſhips will lie within 


about fix _points of the wind ; but oops, ng ſome aden . will Ke 
much nearer. # | 


* 


* ; N 
** it * £ * 1 x * 33 * * 


44. The 3 or weather fue, is that fide of is hip on which 
the wind blows; and the other ſide is called the lecward, or lee ds. 

Tacis and ſheets are large ropes made faſt to the lower corners of the 
ow and main fails, by which either of theſe corners is hauled fore or 


aft. 


When a ſhip ſails on a > wind, the windward tacks : are e always led 72 
| forward, and the leeward ſheets Ms 


The, flarboard. tacks are aboard, when the ſtarboard hides to wind ward, 


| Fd the larboard to lee ward. 


And the larboard tacks are aboard, when the larboard ide i is to windward, | 


and the fxrboard to leeward. 


45. To Wal how. 1 near the hana A ſhip will lies e FR courſe Af 
4 S on 9 tack, when ſhe is cloſe hauled; then half the number 
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Y | | | of NN between the two courts, vill thew how: near wo. wind 1 that 


7 I . Wag common caſes in toraink to . may 'b con- 
| aruaed by the following precepts: 
=> Haviog drawn the meridian and parallel of latitude (or eaſt and weſt 
line) in a circle repreſenting the horizon of the place, mark the place of 
| the wind in the circumference ; draw the rhumb paſſing through the place 
| bound to, and lay on it the diſtanee of that place from the center.. 
On each ſide of the wind, lay off, in the circumference, the points 
Y 3 7 or . 8 rees ſhewi ng how near the wind the ſhip can lie; 5 and draw theſe | 
423 F rhum | 
Now the firſt courſe will be on one of theſe chunks according to the 
| tack the ſhip leads with. Draw a line through the place bound to, pa- 
rallel to the other rhumb and meeting. the firſt, and this will ſhew the 
1 courſe and diſtance on the other tac. 
1 The figures referred tò in this ſection are in Plate IN. at the end; 
5 en they arg marked 1 the number 0 "m Bn, 


% 
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0 . . The wind i is at ares: py, F am al" t a 8 15 25 . 
! 1 4 | 4! rreftly to windward, being on my faarbeard tacks, and can he within 6 
FRE points of the wind. Foes _ oy wy <oll}e's pop 5 roy th on ach * 0 tacks 
| to N oh my ports” is 


4 4 I OP 


£5 f L 

= The n belt a AS 3 dire&ted, - W is the 77 of the 
1 ? | ind A the port bound to, and k the place where the ſhip is ſuppoſed to 
be, when the port is 25 miles to windward of her. 

| 1 Now as the ſhip. leads with her ſtarboard tacks, that is, has the wind 
8 blowing on her ſtarboard fide, ſhe muſt firſt fail along the Jine 10 drawn 
| 77 13 to the rhumb An, which is 6 points from the wind; and the 
vhere the other rhumb Ab, alſo 6 points from the wind, 'being 1 wer 
i 1 from A toward c, meets with Bc in the point c, is the place where ſhe 
- 14 muſt tack about to reach her port within 6 pos of the wr on her lar- 
board tack, 

1 Here gc being parallel to An, the LB=( 4 Kn by II. 952 =) 6 points, 


72 
«H 
7 uo 


„ 
4 * 


9 And the £BAac=(nao, by II. 93) 6 points z hence £ C=4 points. 
"oY Therefore, as Z. BS CL BAC; the fide Bc=fide ca, (II. 104) 
1 Now as one ſide AB, and all the . are given, the, pburinn. falls 


_ Ee Article 45. r A Narr 
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on her 1 FEY 8 2 66 miles. 
4 neun, the ti wy ME on her Wen en EME. e miles. . 
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„ PLANE SAILING. Sokvit, 


Qyrsrrom II. 4 ſhip that is biund to a port 86 miles direaly to wind- 
ward, then at NE. b. N. + E. propoſes to reach her port at two boards each 
within 6 points of the wind : deguired her courſe and di yy on each tack, 
ſo as to double a rocky * lying in the N carers whom 


As thewind is in the NME. quarter, and the ſhip i is to double A Melk! in 
the M. quarter, ſhe muſt lead with her ſtarboard tacks; and running 
from B, her preſent place, to c in a parallel to the rhumb A u, 6 points 
from w the place of the wind, ſhe then tacks for her port A, in the di- 
rection of the rhumb A, e, 6 points from w. . 

The manner of ſolution is the fame as in the laſt queſtion. - 

© A. 4... ſtarboard tacks NNW. 2 W. 104,5 miles. 

Aus w En, ſhe — larboard * ESE. * E. as 2 15 


4 + S . _- 67,4 . 0 ” . 
8 2 55 1 1 = 4 n vr DAE WTR 
- * * * — — 


4 


8 III. "x ſhi bond to a | port | hearing NNE. 3 E. as double 
a cape to the eaſtward, ſhe having run on her larkoard tack 1 5 leagues 
within 6 points of the wind then at N. b. E. the port bore N. b. N. i N. 
It is required, how near the wind ſhe muſt lie on her ſtarboard tack and 
_ what is the dftance of F the port at each time of ſetting it? 


7 "The: A is the 8 of the ſhip at firſt, » the port bard to; acixthe 
run on the larboard tack, and cz that on the ſtarboard tack. 


The diftance As from the port is 10,08 leagues. 
. run on ĩs N Os and aka 185 from e, 


» 4 
* 2 "F* * Aa > — * 8 as = 4 4 „ 
* 1 ne” 


Ann. TThe 


"FI FI : —_— 2 


— N 2 =" / Fa... 15 TP + % . 
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nen IV. 4 Wis ay bound to a * bearing T4 and direay 
1% tindward, having run on her larboard tack 83% miles within 64 points 
| a the wa on tacking about falls in with a rock at the ſame di Hanes from 
Ber port. What courſe muſt ſbe run on her flarbuard . * near he 
a and what was the port's diflance at fir? . / 
Here the fide ACSCB; therefore n L. RC 61 aint „ 

| Hence 2022 pts. Allo = e pts. Therefore 4A NA 
=74 points. 
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deu. ee bs E. b. N i E. '62 points from i wind. 1 


The Fe $ diane at firſt was . 


4 F 


wy * 3 IT a 


as * 2 —— oe. 
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8 v K 2 hip ied / the 5 at. NNE. fees a 

en ber. 4 doubled a point 18 miles to the 14 
N.; the floop run for ber port ache 6 points of the wind ; the privateer 
gave chace at the rate of eight knots an hour, and in four hours came up with 


ber : Required the Laßt rate of ſailing, and alſo the courſes of bath veſſels. 


ths 2s to the E. B. S. and equal to 18 miles; on a with 32 m. 
| 8 X 42. cut the rhumb des fawn ſix points from the Mind, at w. T > 
Wo the 
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ade prixateer is firſt at a, ſees the loop at p, gives chace along the line 
= ac, zud takes the loop at c ; and B % drawn parallel to ac ſhews the pri- 
vateer's courſe from the north, WES | e 


Here are known two ſides, AB, Ac, and the L ABC= 13 points. of 5 


ſn * 
+ & { 


= The floop fails NW. at the rate of 386 m. per hour . 
As WER. 2 en 


The privateer's courſe N. 63“ 1 W. 
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3 Qvesrion VI. Being within fight of my port, bearing N. B. E,Z E. 
+8 diftant 18 miles, a rot gale ſprung up at M. E.; then running 48 miles on my 
"3X larbrardtacks within fix points of the wind, I tacked about: Required the courſe 
aud diftance to my port.. n 
From any point A draw AB, AC, parallel to @ o, an, the N. b. E. 1 E. 
and ESE. rhumbs, the latter being ſix points from the wind at x. 
Make ABZ 18, Ac=48, and join Bc, Then the ſhip, at A, firſt ſees 
ber port at B, and failing from A to c on the larboard, muſt go from c to 
vB on the ſtarboard tacks: _ * N 
" Here then are known two ſides, and the included angle a 82 points. 
Therefore the ſolution will be as in Article 48. Book III. | 


ANSWER. The ſhip has to fail 52589 miles on a courſe N. 47* 42' W. 


* 4 * * eaten * l * 1 1 
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8 uEST10N VII. A hip bound to port met a ſloop, that had ſailed from thence 
"Xx SS. I. 325 miles, thewind being at N. B. E.; afterward, the ſhip having 
# plied on her larboard tack for three days, met a veſſel which had ſailed on a direct 
"IF courſe SE. B. E. + E. 412 miles, ſince ſbe departed from that port; Required the 
hip courſe and diſtance between her meeting thoſe veſſels, and how near the wind 
== a. >> __ VVV 
Vt? Here v is the port bound to, A and c are the points where the ſhip met 
the veſſels, and Ac the diſtance run; parallel to which, a line 3 A being 
drawn, will ſhew. the courſe and diſtance from the wind. NS. x 


== Angwer. The diſtange ac=524,8 m. The courſe is N. 79* 517 E. 
55 points from the wind. VVV INT Bee 
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8 QuesTIon VIII. Hoving my ſtarboard tacks on beard, 1 met a ſnow that 
Dad failed NE. B. M. 284 miles from the port I am bound to, and next day I met a 
Wn rig which had ſailed from thence 326 miles, with the wind then at S. ö. E., two 
Points abaft the beam: Required my courſe and diſtance between the inteting theſe 
veel, and how near the wind I had lain. Oe . 

Here n is the port, A and c the places of meeting. 


wo | There are known two.ſides and the contained angle. [ 2 ; 
Answer $ The ſhip had failed S. 64 6“ E. 44 pts. from the wind. 
. ee The diſtance run was 125,9 miles. . 
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4 P L ANE s AILING. Book VII. 
. Oprsrron IX. The thine at SIP. * a ſhip plying to C "after 
1 running 4 50. miles on her tarboard tacks, and Whats on her ſtarboard tacks'\ finds 
e has got 300 miles OY 10 10 naward - g at were 4 work gif Pew 

near the ind? 3 55 5 


From any point A PO. ABZ - 200 La Pry” 8 to the . 9 
2 on A, By with 450 miles, deſcribe arcs cutting in c; then the lines. 
"AC, CB, being drawn, will ſhew the diſtances run on each tack. 

Res | The point & is taken towards the M. quarter, as the ſhip leads with 
| | Her larboard tacks ; but had ſhe led with her * the point c muſt 
| have been taken toward the SE. quarter. 
EL The rhumbs 4 * An, being drawn parallel. to. ac, os, vin ew the 
| courſes on each tack. | 
Here are the three ſides given to find the angles; but two of the ſides 
. 9 equal, the ſolution is readily performed, as in Art, 64. Book III. 


| Courſe on larb. is N. 64 287 W. 
Auswzn. 1 C ourſeon "96 8g py" 2; 32 E. weil pts. from 725 . 


7 
— . 5 * 
— — a. * — 1 — "Y * — 4. 


2 5 u. * a _ 8 ö 2 2 3 
\ 


_ 


OQuxs rio. X. 4 pirate Fm chaſe to a ſtop, 5 W a- head to the 1 
na both on their flarbord tacks, thewwind at the ſloop finding ſhe laſt way, 
ll. tacked about for an iſſand in the NIF. quarter, 11 mules diſtant from her, and 1 ; 
| © = fromthepirat»: Required how near the wind the ſloop Fe run to 1 490 the 4265 

and whether the pirate can lis up for it or not. 9 — A 


(The ſloop's courſe is N. 10 05/ E. 5 fits. from the 3 
ANSWER. The pirate's courſe is N. 662: on W. 2 __ from the wind. 


Therefore he « cannot rick, ter Wang. PEAS >; 


- > Mas — 3 —_— 8 mme 7 * 1 * y 54 - 435 oy + * * 
4 ; 7 £ 


8. 


8 XI. Ons on 4 NE. 1 l my dnl tacks on beard, an 
and bore SIW. diſtant 12 miles, and my port bore NNIVF. ; the diflance o of the 
Mand and port is 40 miles: now the wind is at NV. 4 W. and 1 can lie no 
nearer thewind than b points: Required how far I muſt run on my preſent courſe 
before I tack about, and alſo the courſe and diflance I have then to ſteer. 


In a S. rhumb, from any point a, take ac=12 miles; and on c with 
- diſtance of 40 miles cut An drawn parallel to the NV. rhumb an; now 
the rhumb'a o being taken 64 points from the wind, through B draw BD 
- parallel to ao, meeting CA continued in D. 
Then a is the ſhip's place, c the iſland, s the port bound to; AD is the 
diſtance | to run on her larboard tacks, and BÞ on the ſtarboard. | 
In the 1 70 CBA there are known ca, ch, and Z CAB= Lican= 
= 8 ; then finding AB (III. 57) in the triangle ABD, one fide and all the 
les being known, the ſides A, DB, are found, as in Art. 54. B. III. 
The AD=C ao=3 pts. C BADS Da 1n=6 pts. LABD=7 pts. 


* . 2 = Ls. 
4 I Ser 5 Ws. ++ — 
IA. - * om. 2% I, © * 2 4 * dp, 
; , 
a Www. a R wm 


e - F The diſtance run on the NE. courſe is 59,75 miles. 
— 8 any. Jr the ee mar run Py b. S. dit - 56,28 miles. 


QuesTION 
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VEST4ON XII. 4 ſhip ailing. choſe by, a point ſees two lg hthou es 
255 to the ME. b. E. * other eight miles to 14 SE., ö. &. tr ba is 


on her larboard tacks, within 64 pornts of the wind, then at 58 b. E. Re- 
guired bow fur ſhe muſt run to bring the lighthouſes to bear in one line; and 
4 = what will be the bearing and diſtances of them from the ſhip at that time. 


From any point c draw CA parallel to a u the NE. b. E. rhumb, and 
equal to 18 miles; alſo draw cs parallel to ao the SE. b. S. rhumb, and 
1285 to 5 miles; join AB, and produce it until it meets the line CD, 
| drawn para lel to a r, arhumbb f points from the wind at SE. 

Then c is the ſhip's place at firſt; A, B, are the lighthouſes ; z op the 
| diſtance run to ſee them in one right line DBA ; then a rhumb a „ drawn. 
parallel to DA, ſhews their bearing at that time. 

n the triangle acs, knowing two ſides and the included er Una 
2s points, the other angles and ſide AB is found, as in Art. 46. B. III. 
In the triangle acp, knowing C4, the LACDSZnar=13 f points; 
1 | alſo po Ty, found 1 oak the diſtance CD, AD, are found, as in Art. 5 5. | 
We | Book | 


1 CThe ſhip runs on her 1 8. b. W. 1 W. dil. 23,38 m. 
| ANSWER, Then the lighthouſes bear N. 32* 17' E. 


17 885 E Saane on A Ae 90 66 en, and of 975 18 95 miles. | 


"x 


* 1 R 
th 11 ” r 
ht — 


wn. „„ 
— — 0 * ˙ tied — nad 
Fi 4 
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QuxsTION XIII. 4 b wants to Vie a port hearing $19. 1 b. S. at 
| two boards, but muſt double a point bearing S. b, E. the point being 25 miles 
to the. ME. b. E. of the port; the ſhip can lie no nearer the wind, now at 
8 M. than 61 points : Required her courſe and diſtance on each tack. 


I Take c the point, 25 miles to the NE. b. E. of B the port ; n 
4 1 c draw CA parallel to Bu the S. b. E. rhumb, and its meeting with os 
oY | the SW. b. S. rhumb produced northward, gives 4 the ſhip's place; 
chen AD and DB being drawn in the direction of the rhumbs Bs, Br, 
b 1 6 points from the wind at w, ſhew the runs on each tack. | 
1 In the triangle ABc, there are known BC, 4. BACEZ CL points, 
1 1 'LABC=2 points, c io points; then AB is found, as in Art. 55. B. III. 

3 4 In the triangle ABD, AB is now known, BAD S £0B5=5 E points, 


| 4 ABDS £0Br=7 points, 4.D=3 points; hence AD, Dx, are found, 
as in Article 55. Book III. 8 Fe. : 


Answer. Courſe on ſtarboard is SSE. 2 ZE. Ae 58, 51 miles. 
5 Courſe on latboard td > W. 2 2 W. diſt. $7 8s miles. 


3 , 8 1 R ” 7 * 8 2 2 
— — »„— —ê — — A—_—_— — — * * 
: * 
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LR Qui TION XIV. 4 privateer 22 behind a low point which was 6 miles 
15 the SI. b. N. of her, fees a ſhip to the SSE. coming out of a port 18 miles 
tant from the point; the ſhip Ae, NI. with a briſk gale at SS.; 
== rhe privateer ſlipt his cable, and gave chace within 6 & points of the wind, 
and n. her : 22 far had each run when they met? 


Taxe 4, 6 miles to the NE, b. E. of e the point; from o with 18 miles 
out 190 m_ "Mu to 0 che 88E. 9 and. 1 * is the port ” 
= 45 i 
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ſhip cited from; then Ap draw 6 1 points from the wind, meeting BD, 
drawn NW. oy interſection. D is the place where the en meets 
the ſhip. 

In the e triangle ACB, is given AC, CBy and Leanne points, to 
find ons) 1") 

Then in A ABD, wha DAB rco= 10x points, LDBA=2 points; 
LADB=S 3X points; find the ſides Ap, BD, as in Article 55. Book III. 


The ſhip had failed NW. diſtance 25,27 miles. 
| Anowan, CFR of pr the re failed W. nr N, 1 W. diſtance 050 miles: 


0 


— . —_— "IP Y 
* - 


" * 
b — 


N on XV. A. fb a that. can lie within * Foe nts of 8 ited res a. 
a headland 2.1 miles to the NE, which ſhe is to weather, in order to reach an fo 
2+ #/land, 9 miles to windward thereof; the wind being at eaſt: What courſe, Ro 
. and how far muſt ſhe go on each tack, ſhe leadi ng with the flarboard? to 


5 Draw BA=21 m. to the SW. Bc=9 m. to the Eaſt, join Ac; draw 
| Ap, CD, each 6 points from the wind; then A is the ſhip's place, B the 
headland, c the iſland, AD bathe run on the ſtarboard tack, and DC that on 8 
the larboard.. Ee = 
: In the A anc, is given BA, ac, LABCSIR points to find the er WM 
Ls, and Ac. FW”: 
Then in the A acp, is known * and all the angles, to find an, pc. W 
Ws 6 hus 0 pts.; CDS AS DSR C BCA; CCADPS=CLBA D Cc. th 
: 1 In On the ſtarboard ſhe runs 39,19 miles on the NNE. rhumd. 5 
on the larboard ſhe runs 2 155 12 miles on the SSE. ! 1 
LH ” i . 2 4 3 _ 
' QuzsrION XVI. There i is a certain port, to s fait into which you mi . 
bring the port and a mill, 4 miles to the eaſt there, to bear due weſt; at f 
which time a beacon, 5 miles to the NE, b. M 2 E. of the mill, muſt bear te 
N. *. E. 1 E; yon then fleer direcii) for the beacon, and from thence ta the tn 
Reg * the - beſt wind, in the NW. quarter, for a ſbip that goes Ah 
| zqually 8 on both tacks, together with the 5 ſhe m7 run on each tack he 
| 2 the ſaid ſituation to the you "8 ; = 
055 In the W. rhumb take Bc=4 miles, and in the NE, b. N. 2 E. Ws © 3 
take zg 5 miles, join DC, and parallel to the N. b. E. 4 E. thumb "In 
BI, draw DA, meeting CB continued in A. > 
Then C-is the port, 8 the mill, B the beacon, and a the ſhip! 8 place. 
In the A BAD, is given BD and all the angles, to find Ap. 
In the & CBD, is given. BC, BD, and angle CBD, to find the other angles 
De. 
Draw the rhumb Bo parallel to pc; chen the Zinn? being biſeRed, 
will give the place of the wind as required. 2 
She will run on her larb. N. b. E. 4 E. diſtance 4,105 miles. 
|  Aowpr. And on her ſtarb. S. 61%:40/ W. diſtance 8,145 miles. 
£ 1 5 C The beſt 1 is that doe from the NW, I W. nearly. 


b | | 5 pr | Ta QyzsTION 


- 
q 5 


ock VII- PLANE SAILIN 8. 19 
= Qozsrion XVI. 4 fip in doubling a point direttly to the eaft of hor 
Port, ſees. a lighthouſe bearing NNW. . which ſhe knows lies NE. b. N. 


K. from the port, and is 10 miles to the NE, by E. i E. of a beacon bear- 
= ing due north of her port; the wind is, at . by N. + IV. and ſbe can lie 


RE within five, points: Required her diſtance on each tack, ſuppoſing that ſhe 
BE leads with the, larboard, and keeps cloſe to the lighthouſe when ſhe tacks, 


tee Þ be the beacon ; make bez ib miles in the NE. b. E. 4 E. 
*X& thumb, and c will be the lighthouſe ; draw cs parallel to the NZ. ö. NM. 


E. thumb pn, and its interſection 3 with the §. rhumb ps is the port; 


4 Tag Þ 4 _ oY 
3 Ws. WW 2 
* e r 3 
. 8 
: | 7 28 n 
FE . 5 . 
0 2 C 


If 
W 


= through n and c, lines being drawn parallel to the E. and NV. JF. 
rhumbs, their interſection A is the place of the ſhip. | 


ln the A cn there is given Dc, and all the angles; hence Bc may be 
found. (III. 55.) 


US. 


15 

Fas 

% 

ö - 


ln the A A there is known cs, and all the angles; hence Ac is 

wound, as in Article 55, Book IL 5 

lere pc 31 points, BDS of points, 4 De Bg 21 points. 
And £4asc=4t points, 4:BAc= 51 points, 4 ac8=6 points. 


* 
— 


4 

* 
* 
A 


The diſtance on the larboard tack is 1249 miles. 
"The 'diltance on the ſtarboard tack is 14,25 miles. 


5 7 * 
5 ANSWER 
4 . 4 &. 
3 * | 5 
12 / 
Ly 


8 1 , TAK . 
. S ” WY Wo _— * 

- 19% N 7 * ye, he £ 4 * 
» 4 * * \ * . 


R py N — —— 
QuesTiIon XVIII. 4 hip that can lie on either tack within ſix points of 
he wind, then at ESE., having her ſtarboard tacks aboard, ſees her port di- 
rely to windward, and a headland that lies 6 miles to the NM. of her port, 
ore E. B. M; now ſhe wants to reach her port at two boards: Required 
er courſe and diftance on each, and alſo the bearing and diſtance of the head- 
8 and when he 8 | | | 
Let c be the headland, and B, fix miles to the SE. be the port; through 
and B draw lines parallel to the E. 5. N. and ESE. rhumbs, their in- 
erſection A is the ſhip's place; lines drawn through A and B, parallel to 
he rhumbs, ſix points from the wind, will meet in D, the place where the 
1 It ip muſt tack; draw pc, and this ſhews the poſition and diſtance of the 


y 
Er. 


N 


headland from the ſhip when ſhe tac ks. / | 

In the A acts is given e and all the angles; find AB=8,979. 
In the A ABD is known AB and all the angles; find Ab, Bb. 
la the A cp is known Bc; BD, and 4 CBD; find the other angles 


# = 


1 nd en. E N 5 
Here Ach it points, CAB = points, L asc=2 points. 
. The 4 BADS 6 points, £ ABD.=6 points, 4 ADB=4 points, and 


cap =4 points. A | 
3 5 8 i 2 2 £ VF 4 30 4 ; ; 23-4 2 Ai ines * : a N 
— Ship runs on ſtarboard, 11,73 miles NE. 


larboard 11,73 miles S. 


= Anwa J 8 8 
n Headland bears when ſhe tacks 8. 2932 W. diſt. 8,607 m. 


* 


Quxs low 
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G rod | NIX. A ſhip on her Hurboord tacks, bat by a point, "Jaw 
. bt ort eight miles to the 2 5. N. and at the ſame time a cliff, whit 
1 to the NIV, b. N. © ihe pot bore N. b. E.; the ſhip could lie within 64 
points of the wind, then at NE. b. E. 1 E. on her flarboard tack, and with- 
in ſeven points on the larboard; ſhe Propuſes to reach the port on t boards : 
Required her courſe and di ance on eath, together "with the bearing, and wie 
tance te of the ee tacks about. {of Os petals avs 
Here the point c is taken for the cliff, in e 0 biins bs figure 
within the limits; but if a, repreſenting the ſhip's place, was Taken at 
VVV conſtruction would be more F 
In the E. 5. N. rhumb, take ca=8' miles; draw an parallel to the 
S. 5. V. meeting cs, drawn SE. 5. E. in B, which is the port bound 
to; draw BA parallel to ac, meeting the S. 5. W. rhumb in A, which is 
_— ſhip's place; through A draw Ap, parallel to a rhumb 64 points 
from the wind, and through B draw Bp parallel to a rhumb ſeven points 
from the wind, their meeting p is the place where the ſhip is to tack ; 
then Dc being drawn, ſhews the bearing and diſtance oa the cliff from the 
ſhip when ſhe tacks. _ | | 
n the A CAB, is given sc An and all the en to find CA=6,123. 
In the A ABD, is given AB and all the angles, to find AB, _. 
In the A ACD, is en Ac, Ap, and £TAD, to find the other r angles 
and NN e e nn Rs 7's 
POR, C Courſe © on ſtarboard is N. b. W. diſtance 14,96 — * 
Auswzk. Courſe on larboard is SE. b. S. 3 E. diſtance 16,97 miles. 
| © The diff on tacking bore 8. 25 21/̃ E diſt. 9˙5 596 miles. 


143 1 A XN e ID 
* w 8 * , * * 
: 


. * . 5 * Wy . 1 
_— * * — — 
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Ge XX. 4 op at ſea di [covers two beatons aff be ertremitles 9 

4 ſhoal, the one bearing W. b. S. and the other, which bore &. was nine 

miles to the S. E b. S. of the northern beacon ; the port bound to is known'to 

lie M. b. N. of one beacon, and S. B. M. of the other, and the veſſel can lie 

TO within 62 gpints of the wind, then af SW: N e the. courſe and diſtance 

» on each of two boards to gain her port; and a Jo her Pre, and al 5 
from the port when ſhe Ferst ſaw the beacons. 1 


EA N 7 G9 + l 01 


The conſtruction and ſolution of this queſtion bade n not cn ublike | 


* 
ut 


the two laſt, are omitted here, to iN the learner' 8 ſkill. 


8 8 ( Courſe on ſtarboard-i is Ss. EE: diſtance 10 785 e 
3 Courſe on larboard is NW. b. W. 2 W. 16,054 miles. 
(Port bore 8. 15 10 W. diſtance 5 SHY ! "Sg 
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SECTION vii. e e 4 


_— 


of Sailing 11 0 urrents, 


47. A CurRENT or TIE is a progreflive. motion of the water, 
cauſing all floating bodies t to move. that mop toward which the ſtream i is 
directed. 

The ſetting of a ride, or current, is that point of the compaſs toward 
WE which the water runs; and the drift of a current is the rate it runs of 
5 4 hour. | 

= The ſetting and drift of the moſt remarkable tides and currents are 
pretty well known; but in unknown currents the uſual way to find the | 
ſetting and drift, is thus : : 

—_=T Let three or four men take a boat a little way from. the chip; ; and by 
FX 2 rope, faſtened to the boat's. ſtem, let down a heavy iron pot, or loaded 
XX kettle, into ſche ſca, to the depth of 80 or 100 fathoms, when it can be: 

ce boat will by this means ride almoſt as ſteady as at anchor. Then 
beave the log, and the number of knots run out in half a minute will 


give the miles which the current runs per hour; d the e of the 125 
1 log ſhews the letting of the current: 


* . 
* i 
wry . - 
4 4 AY * 
o , i > * 


- 48. A body moving in a current may be conſidered in three caſes: 
N | Namely, Moving with, or the ſame way the current ſets. 18 
3 an againſt, or the contrary "uy © to that which the current 1 
N ets. 
F Moving obliquely to the current's motion. Fe Tor Ss 
7 1 When a ſhip fails with the current, it's velocity will be equal to the 
ſum of it's proper motion and the current's drift. 


When a thip fails againſt a current, its velocity will be equal to the : 
difference. of the current's drift and its own motion. S 


a So that if the current drives ſtronger than the wind, the hip will drive 
aſtern, or loſe way, | 

1 Wen the courſe ſet is oblique to the motion of the curteat, the ſhip's. 5 
real courſe, or that made good, will be ſome where between that in which 
28 3 the ſhip endeavours to go, and the track in which the current tries to 

lay 3 Irive it: that is, it will always be along the diagonal of a parallelogram, 
which one fide repreſents the diſtance run by the ſhip, and we other ad , 
oioing fide is the current's drift in the ſame tine. 

5 For ſuppoſe Anpe be a paraliclogram, the dia= A. 5 
xg onal of which is ap. IE 
RX Now if the wind alone ould drive the ſhip 3 
to B, in the ſame time as the current alone would. 
iriee it from A to c. N gHapT D 
| 1 Then as the wind neither nelßs nor e „ 
1 bes mip from coming toward the line cp, the current will bring it there in 
ee ſame time as if the wind did not act. | 
And as the current neither helps nor hinders the ſhip 
5 1 5 rd the line BD, the wind We "OPS 


- 


. 0 4 
A. ar v.£-q 
e 
en 


from coming 
it there in FIG ſame time as if — 


Þ* current did not ak, TL LS 1 
1 KN, 'E '2 | e Therefore | 5 
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| Therefore the ſbip muſt, at the end of that tne, be found in both 
thoſe lines, that is, in their meeting v. 


we the ſhip muſt have paſſed from A to D in the diago- 
nal AD. 


as 


49. When the hip s courſe and diſtance by account, and ho ptiing 
and drift of the current, are given, the true courſe and diſtance of the 
ſhip may be found, either by working a traverſe, in which the ſetting 
and drift of the current are uſed as a courſe and diſtance; or by a trigo- 
nometrical ſolution of the uriangles forming the figure: which is thus 
conſtructed, + 
From the center of a circle draw the ſhip's proper courſe and diſtance, 
and the current's ſetting and drift ; with theſe two lines form a parallello- 


gram, and from the center draw: a diagonal, which will ſhew 308 ſhip's 
real cour:e and diſtance. | | 


50. It may frequently 3 that a | hip 3 is phing to windward acroſs 


"a tide's way. In ſuch caſes, 
Firſt conſtrue the figure for the plying to windward, 
Then with the courſe on each tack, and the ſetting of the current, 

form parallelograms; in each of which one fide. muſt be the ſhip's rate, 
and the other the current's drift. 
And lines drawn to meet one another from the center and port bound 
to, parallel to the diagonals of thoſe parallelograms, will ſhew the courſes 
and diſtances which the ſhip muſt run on each tack, 
The figures referred to in this ſection are at the end, in Plat X, 
| Where hong are 1 a by the number of the . 


N A [hip faik E. ve QuesTION II. A bib ſails WA 
miles an hour, in a tide Lu the| with a briſk gale, at the rate of nine 
| ſame way four miles an hour: Re- miles an hour, in a current ſetting 


quired the ſhip's _ and the diſ-| NNE. two miles an hour: Required 


tance made oe the ſhip's _ and the A con Made 5 


e Wo. | good. 


The ſhip's motion is 5 m. E. The thip's motion is ssw. 9 m. 
0 "IN current's motion is 4 m. E. The current': 8 mot. is NNE. 2 m. 


5 


The ſhip's 5 true run is 85 m. E: The; ſhip! D true run 18 SSW. 7 m. 


In this caſe, as ths ſhip fails Fes Here, "AR the ſhip fails in a 


2, the ſame way the tide ſets ; there- contrary direction to the tide, its 


fore her motion will be quickened as real motion will be flower than it 
much as the tide's motion is. appears to be * the drift of the cur- 
| h rent 


* 


Qyprsriox 


T 1 
1 


* 


1 4 
RR 


a | "Required the ſhip's courſe, with the drift of the current. 


that is, ſhe has driven aſtern five miles, 
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"IN QuesTION III. A. ten o'clock in the forenoon, a ſhip that was running 


four miles an hour, came in ſight of her port, bearing ENE.; but finding, 
at three o'clock in the afternoon, that ſhe had made no way, ſuſpected a cur-. 
rent, which on trial was found to ſet WSWW. five miles an hour : What bad 


been the courſe and real run of the ſhip during that tines 


In this caſe, had there been no current, the ſhip in five hours would 
have gone a-head 20 miles from A to B: and had ſhe been becalmed, ſhe 
would have driven with the current 25 miles ſrom A to c: conſequently 
the difference, AD, of theſe two motions, is the diſtance the ſhip has run 


— 
DV; + 
2 88 IIS 2 —_ 14 J 1 8 a — - 2 
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Ques*1on IV. A ſhip in doubling a cape meets a flrong tide ſetting SE.; | 


after running SW. 18 miles by the log, the cape bore N. 4 E. + Required 


the diſtance of the cape, and the drift of the current. 


5 From A the cape, and center of the horizon, draw As the SV. rhumb, 
equal to 18 miles; through B draw nc parallel to the ſetting of the tide, 


or S. E. rhumb an; then ac being drawn S. 4 V., its interſection, c, 
Vwiuith Bc, ſhews the ſhip's place; and that ſhe has run the line Ac while 
che tide ran the length of Bc, or An. 4 555 by 


In the triangle azc there is given AB and all the angles, to find ac, 


The gs points, 4 Bac=3} points, 4 ACB=4+ points, 


35 The ſhip bas run 22 41 miles S. 2 W. 
Axs w E . The tide has run 13,35 miles SE. 


6 Las 1 * - n 
X *- _- F : 1 . : * £ —ͤ— * : e - — 


QuesTiON V. 4 ſhip falling in with 2 current that fet NNIV, 'Y 


' diſcovers a riff 2 rocks on the larboard, the eaſtern point of which is nine 


miles to the NE. b. N. E.; and can be weathered by fleering E. b. S. 
Required the diſtance the ſhip muſt run by the log, and alſo the drift of the 
current, 5 e 


1 . f 
2 : * 


Hlere A is the ſhip's place, c the eaſtern point of the rocks to be wea- 
thered, AB the courſe ſhe muſt ſhape in order to run along the line ac, 


which is the diagonal of the parallelogram formed by as, the ſuppoſed 

run of the ſhip, and An, the current's drift, Sgt, EN I 
Avi... The apparent run by the log is 10,76 miles. 

Fo ANSWER. } And the drift of the Sk FEARS miles. 


** —Y —_—_— ——_— 


— nad. 
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QuesTion VI. 4 /hip in croſſing the mouth of a river, into which the 
tide ſet due eaſt, ſails from @ buoy on the ſouth fide, NE. 10 miles, and then 
alls in with, another buoy on the north fide, diſtant from the firfl 15 miles a 


i 


3 


8 PLANE. SAILING. Bock VII. 


| one; A is the ſhip” 8 ſuppoſed run, AC, the real run, and BC the Kilt of 
the tide. - 


906 (red tio 425 for the lighthouſe, 3 at four in the morning we paſſed 


tide's drift. 4 A with 284 miles cut the . b. S. rhumb in c the 


. 4 
. > £ . i». FA 
— _ — — K , 


* % 


In the 8. rhumb take BA=IO miles; on A, with 15 miles, cut the 
E. rhumb, Bc, in c: then A repreſents the ſouthern buoy, c the northern 


Here ere are given AB=10, AC=I5, the 45812 points. 


The ſhip's courſe is N. 615 62 „ 4 1 <> 
The tide's drift is 6, 161 miles ' 


— 


Asus. 


% 
, . 4 \ 0 s " . — 
r = _ OY * 2 _ = * 


„ vn. 4 11 0 veel in the evening, a 22 bore SI. b. &. 
and s Rtrong tide was ſetting WSW. 2 M. at the rate of 3 miles an hour; 


over a 6 andy point 28% miles "ies the cape : Required the diftance between 
the lig 2 and cape; a Iſo the courſe the ſhip has run. | 


In the ENE. 2 4 E. rhumb, take BASI7E miles (231 x5). FR the 


ſandy point ; through A dad c draw lines PT. to ve AB, and their - 
anterſection D is the Tighthouſe, | 971 
3 The diſtance Ap or Bc is 12, miles. 

Axgwe an. 5 The 15 8 courſe 22 Ac is $ 8. 560 5 Ys: 


Yy f 
. — 


—_—_ — a — 


3 VIII. 4 hip running 05 5 at the rat Je of 605 * an 3 


in ten hours croſſis u current, which all that time was ſetting eaſt at the rate 
of three miles an hour : Required the ſhip” s true Je and diſtance aan 


Here the ſhip is firſt ſuppoſed to be at A, her i imaginary courſe is along 
the line AB; but her real courſe is along the line Ac, the diagonal of the 
parallelogram, the known ſides of which are AB 50 woes (=10X5), 
and BC 30 (=3 x10) 108 


2 ” E : 22 SF 8 2 2 I. 
— p * 80 8 - 5 Ny ot oe dhe, Of x 
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* 4 > wa TIE or n. 3 Find tas 1 | he ER ow 3 Eo oy” 2 A — $6 & 
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2 * ey 
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93 
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Aus Mun. The courſe is 8. +I: 39/1 E. tas 58,31 miles. 


_— — — 


| Quzsr10n IX. Suppoſe that in 24 haurs a "bis ate NE. 100 miles by 


the log, in a current ſe thing 2 b. 8. 14 miles an hour : What rs the fore 
and diftance made good 0 „ 


o 


Draw an NE, and 3 to 100 miles; through B . BC par lel to 
the E. b. S. thumb, and make it 42 miles (14 & 24); An draw Ac, 
which ſhews the true run of the ſhip from a, 


Here ate given two ſides, AB, Be, and & II points. 
ANSWER. The courſe is N. bo® 4 4% E. diſtance 128,2 miles. 


- 
— << 
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QuesTION X. 4 hi 7 departs from her port at 8 o'clock in the evening, 
and fails before the wind, then at NN'/F. at the rate of 34 Knots an hour, 
in a tide which — 5 It the ſame rute toward the eaſtward ; and next day at 
noon ſhe found herſelf 84 miles from her port: 19 the N s true courſe, 
and the 12 4950 the tide. 


In the VMM. chumb take 17 Ve {= 31 X16 b. ); on A, with 
84 miles, cut an arc deſcribed from B with 56 miles, their interſection c 
is the place the ſhip is come to, A being the port failed from, AB the ima- 
5 ginary run before the wind, 8c the drift of the current, and AC the real 
XX. run of the ſhip. . Oy 
ere BAB, and the Kaution i is as in Article 63. Book Ul. 


Ann. The ſhip's true coutſe is 8. 63? 55" Kaos: a ? 


The ae of the current is N. 74 40 E. 


* of * - 
. + FAY 4 Cl 1 


—— — ** — OO Wy 


"a 4 


1 „Obnbrton XI. 4 his dt; in the. evening for an iſland, 46 miles to | 

the l, but by a firong tide running to the ſouthward, ſhe found berſelf * 
next morning on a ſhoal 65 miles from her departed port, amd 34 miles from Wo 
the Hand: e the bearing of her ys and the ſetting of the tide. 


Here A is the port failed from, B the iſland bound to, c the ſhoal come 
to; ; the conſtruction is as in the laſt. and the ſolution as in Art. 03. us 


ag The port bears N. 37 E. 
Ax vs. 15 The current ſets 8. by 285 E. 


% 
1 
. — « * 4 © FI : e ö 
5 * — — N 8 1 
x4 \ © : f Y 4 8 o - 
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QukEsrloN XII. "4 hiv, 7 in latitude 41? 18/ 8 "FREE. to a 3 in lati- 
tude 46* 30' N. hing 258 miles to the iugſt; where being arrived, ſhe finds 
by her dead reckoning that ſhe has made 384 miles of nar n, Can and 206 mil:s 
of weſting : Required a WO and dr ift of the re that occaſioned this 
a: ference. | 


Here, by the dead Skank, the ſhip ſhould Ry gone from A to 1 R; 
but ſhe being arrived at the port c, the drift of the current will be repre- 
ſented by the line Bc, and its ſetting by the angle xc in the right angled 
triangle Brc; the legs of which, Br, Fc, being the di ferences between 
the real and imaginary differences of latitude and departures. 

For, the current ſetting ſouthward, will cauſe the ſhip to be tonger in 
getting to the northward, and increaſe her account of northing ; and by 
its ſetting weſtward, it will Neves the ſhip's motion that way more than 
* account will ſhew. Oey | 


' AnsWER. The current's courſe is S. 355 50“ W. and drift 88,82 m. 


BL IA 1 25 . . x 
Cf 3 * 14 II's 7 - 4. 
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36 PLANE SAILING. Book VII. 
QuesTIon XIII. A /bip from a place in latitude 370 40 N., fails SSI, 
diſtance 48 miles in 19 hours; then ESE. 72 miles in 14 hours ; and has 
all the time been in a current ſetting SSM. 1% mile un hour 5 Required the 
ſhip's 82 latitude and departure, together with the direct courſe and diſ- 
JJ... ß Ty rin 
HIS current has run 15 mile an hour for 24 hours, its whole drift is 
36 miles, | | 8 £ | VVV 
The beſt way of ſolving this queſtion is to conſider the current as ano- 


form a traverſe table, as ſhewn in Article 36. 


ther courſe ang diſtance, and then with the three courſes and diſtances 


4 xx TnaAvanen: Tanpes) ; 


Courſes, D. N. S. E. W.] The fouthing and caſting which 


TY — — — the ſhiphas made. being thus known, 
| 4 66.5% 8,4 the direct courſe and diftance will 


þ 


P——— 


G be found as in Art. 33. 
daes the hip departs; from A, 
tis, 266, 32, and is come to c; As being the 
F „ 1325 ha diff. lat. and nc the departure, 


bd — 


by — — 


4 


. a | 343 Is —_— 


* " 
et. 


The preſent latitude is 35* 55, N. departure 343 miles, 


AxswER. J The preſent latitude is: 15 dab 34585 
N Direct courſe is S. 1873“ E. diſtance 110, 7 miles. 


a 


have ſailed till this day noon the following courſes, viz. SSE. J E. 24 miles ; 
NME. 5. E. Z E. 15 miles; ESE. 1 E. 45 miles; and all this time were in 

a current, ſetting F. b. W. 14 miles an hour : Required the ſhip's preſent 
latitude, departure, direct courſe, and diſtance. 15 . 
{ Traverss TABLE. K E 


__—_——. 


Courſes, D. N. S. E. W. 


| Here the current being conſidered 
[SSE.z E. j24\ _ [212|11,3 as a courſe, the traverſe table gives 

NE. b. E. E. 15 7,1 | WH 77 © the diff, lat, =70,5 miles. 5 
| 


— — — mꝛ— — 


ESE. + E. 45 15,2 42,44 2 5 And the departure g 58, 7 miles. 
19. b. W. 4 [qr] 8,2 And hence. the direct courſe is 8. 


| e +776] 66,9 8,2 miles. 


ap 751 8.2 * 8 ( 5 Ws FA 
| „ =]. 4 | 5 9 5 


. —— 


- . 


The reaſon of this is pretty evident; for as each courſe and diſtance is 


affected by the current, therefore inſtead of correcting them one by one, 
as ſhewn in moſt of the preceding queſtions, they may be all allowed for 
together, by making a courſe and diſtance of the ſetting and drift of the 
Current. PEE | ED EY, 5 ; TS 


BR. | 4 
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_ QuesTION XIV. Yefterday noon we were in latitude 28* 14 N. and 


— — — - 39* 47 E. and the diſtance is 97,73 
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Book vn. of L ANE S Al L —_— 9 
-Quzsr1ON XV. At eight oclock-in 1 evening, a ſhip ſailed from her 


port on a SM. courſe, four miles an hour; a flrong tide was then ſetting 
Lenden the S. and W.; and at fix O clock in the morning fhe paſſed by a rock 
170 miles to the weſtward, and bo miles to the ſouthward of her 8 Re- | 
= guired the ſetting and drift per hour of the tide, 


Wich 60 miles as a diff. lat. and 70 miles as a departure, find the 
"= lace of the rock at e; A being the place ſailed from; in the SS. 
wchumb take aB=40 (=4 x 10); draw Bc, Ac: then AB is the mot 
run, ac the real run, and nc the drift of the tide. | 
Inn the A apc, is given ap, Dc, 4D; to find the LA Aoi AC =92,2. 

In the A AB, is known AC, AB, CAB; to find C. e and Bc=59,37. 


ANSWER. The tide ſet S. 67* 0g W. and ran Na miles an hour. 


Fm: 3 * 
— 5 — Y a — — — — —— * * , . — 


1 phone XVI. 4 5 x o'clock in the 3 a hip weathered « cape 

in latitude. 46 32' V.; and 9 run SE. bh. &. 24 miles by the log in a 

current, „ Found "88; rſelf at noon in latitude 46* 17' NM. and the cape bore 
* WW NIW.: Required the ſetting and drift of the current. | | 


Make ap=the diff. lat. ; draw the departure DC, meeting the ESE. 
rhumb in c; draw AB, SE. b. F. and equal to 24 miles, and join Bc. 

= Then a is the cape, C the place come to, AB the We run, BC the 
XX drift of the current, and ac the real run. 

In the A apc, there is given Ap and the angles ; ; to find AC=39,2. 
n the Aarc, there i is known AB AC, nac; z to find the angles, and 
=X Bc=23,41'm. 

Then drawing the rhamb A n he to . it ſhews the ſetting of the 
"8 current. | 


1 AnsweR, The current ſets N. 77 47 E. and runs 39 miles an hour, 
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© 5g * : 
Our $TION XVII 4 bis FFI bound from Dover to Calais, which lies 
21 miles to the SE. b. E. . and the tide of flood ſetting ME. 2 E., 22 
miles an hour: Required the courſe ſhe muſt leer, and the di iftance /he 2 
run by the log, at the rate of ſix miles an hour, to reach her port. $ 


In the poſition of the SE. b. E. 4 E. rhumb draw vc=21 miles ; and 
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1 parallel to the VE. 2 E. rhumb draw: DE=2+ miles; on E, with 8 
"= miles, cut DC | in F; draw DB . to EF, en on drawn parallel 
er. | 

EX Thend is "Dover, c Calais; and the ſhip, by trying to ſail along the 
line pn, will be uo ag between it Fe the direction of thy: « current in the 


VS, 
A. 
PR... DC. 
r 
2 E. * wg 
« +>. / 0 A 
_— 


2 | . 9 8 The a muſt Cail 8. 390 14 E. and will x run by the log 
_ „ 
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QuesTION XVIII. Yeſterday noon we Were in latitude 42* 20. N. and 


this Lay at noon find ourſelves in latitude 41 10*.N. ; by our account we hav: > 
failed SH. h. F. 189 miles, and ail the time have been in a current ſettin; _ 
M.: Net wu ſhip! s een and di e with the current 5 * > 


- 


1 ed hour. 


* 


1 ake 8570 miles, the diff. lat.; draw AB OE to dn, the 975. . 8 


. 3. $. rhumb, and equal to 189 miles ; through B draw BC Fenn to the 
NM, rhumb à 6, meeting the departure pc, and join ac. 


Then the ſhip from A ſuppoſes herſelf failing 4. AB; but by Ne W 


ation of the current is driven along Ac. 


In the A ADB, there i is given Ab, AB CHD: Required the angles and M 


p 13654. 


In the A DBG, there is known DB and the angles; ; fo find DC=192 + 


and BC 123, I. 


In the A rs there i IS s known aD, DC, ape, z to find the angles and KK 


A= 22204, 4. 


Aswan 1 TE is S. 69? 58˙ W. Unenee 2 204,4 alles. -\ 1 
*t The current” s drift 1 hour's is 5513 miles. ERS b 


* 
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ESTION NIX. "There are two ports 1 fi 270 ite to the north 
and ſouth of one another; a ſhip ſails from the northern port, with her flar- 
board tacks aboard, within 72 degrees of the wind, then at S., at the rate if | 


dur miles an hour, in a current that ſets ſouth, two miles an hour : Required 8 


Rag courſe and diftance on each of +wo tacks to reach the ſouthern port. 


Draw the line Ap through r, the center of the horizon, S. 72 E. and 


733 any point, A, in that line, draw AB, due ſouth, and S270 miles 


through. n dra un parallel Ar, a chumb 72 from. the wind; then if 


— 


there were no current, the ſhip muſt have failed from A to B on the ſtar- 
board, and from p to B; on the larboard tacks : but to allow for the cur- 
rent, take F a=2 miles, draw ac, a c, parallel to F p, F n, and make a, 
ac, each =4 miles; draw the diagonals Fc, F c,. of: thoſe parallelo- 
grams ; then through A and B, lines drawn parallel to F c, Fe, meeting 
in c, will ſhew the run of the ſhip on each tack. 

lere the'triangles Fac, Fa c, being congruous b conſtruQtion, there- | 
fore the Cc (Lare) is equal to, 4. c (aF 51 | 


et lifes Ae” 
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Now in the triangle aF c, there is given à F, ac, and F ac=198"; 6 


from whence the other- angles are known; viz. Larc=49? 37. Aud "4 


in the triangle ABC there are known the ſide AB, and all the angles, = 


N the ſides Ac and cB are eaſily found. 


Aswan. Ou courſe on ftarb. is S. 4 40 37, E. Since 208, 4 miles. 8 
he n on lard. | is 8. 49 37 W. diſtance 208,4 miles. 1 
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QuesTION XX. A ſhip that makes her way good. within 6 points of the 
wind, is bound to a port bearing SW. b. S. 4 M. gow 476 miles: Now 
the wind being F. ö. M and a current ſetting S. ö. E. 23 miles an hour, and 
the ſhip ſailing 75 miles an hour: Required the courſe and diſtance ſhe muſt 
fail on her flarboard and larboard tacks to gain the port, 


In the SY. b. S. i W. rhumb, take AB=476 miles; and, through a 
and B, draw the lines AD, BD, in the direction of rhumbs 64 points from 
the wind at S. 5. W.; then, were there no current, the ſhip would fail on 
the lines AD, DB. 8 TTC 
With the drift of the current 2A = 24, and the run of the ſhip 74 miles 
an hour, taken in rhumbs A, A b, 64 points from the wind; complete 
the parallelograms, the diagonals of which Ac, Ad, ſhew the courſes the 
ſhip will move in, with the compound motions of the current's drift and 
ſhip's run. COS WE FTE oh 23S; 9827 . | 
Then ac and Bc, drawn parallel to ac, will ſhew the run of the ſhip 
+ on the ſtarboard and larboard tacks. IL > ; 64'S. | 

In the A Aad are given Aa, ad, LA ad; to find the d A a= 
9 the A Aac are given Aa, ac, LAac; to find the Cc Aam74* 54. 
Then £ZBAc=ZBan+4can=z) 85 30“. 2 RE Fs 
Alſo A- NnAN = R A, L ABC=27* og/. e 9$)-; 
Conſequently in the triangle Acs, there are known one fide as, and 
all the angles; by which the ſides Ac, cg, may be found. 8 


8 n * 5 « . V ow 1 — * 
* „„ . 7 * 1 \ _ hn — N 3 
n ; . 8 ” 1 TIES To >. 1 1 8 r 
FI , . p - * . * d 4 FEES * 1 7 70 4 F . 3 Alt 4. My. 1 A 5 2 _ 
C 24 YI TE SES TREES ITT i Tg 1 Oh 2 n TFT a or STI 25 , TIS 
JT P NC TTIOs 
e 1 s » — , 4 N 


» 2 i 4 . 2 . 7 
L « >; rn * 1 . 7 i » * age 5." Gs * 8 Fl 7 
* c v 4 . Rakes 8 * bY e 4 ER AI 1 * ** + 3 +3 2 2 Ten 5 . * De 8 4 þ 
. rpg 4 4 22 . Ad ih Weed. 7 VS] : 5 23 Nenn — er rs * * HS VSG of Ay LEE 2 Fe 1 * 8 ln 2 J - 2 : 
p 1 = WEIR v9 gn ts a . 3 * = F * vl Nai 8 SIS el Lal ASS 2 ET 6 1 p 8 ky Po Big) 
3 1 we 24 44g 375 ren n 8 N Ot as Ls. 8 n A ee 7 F 1 area IN 1 2 
LOR 8 T7 9 pe vel 12 * a 1 Fr 3 © ae 1 2 PIG FX 2 — es td! 3 5 n . 1 r 0 - * 5 
22 P at vhs - 5 oe es EW Te DR BP fs r L Std Vs . F OG 9 * 0 
De e $6 if b . 5 A a F . 
, . e a 7 
" 
* 


RET The courſe on the ftarb. is S. 48 5b/ E. diſt. 234, | miles. 
9 ANSWER. j The courſe on the larb. is S. 63* 39/ W. diſt 514 3 


1 " 
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EF 


_ Moſt of the Queſtions in the three preceding ſections, although not of 
ſuch common ule at ſea, as thoſe. in ſections the IV th and Vth, yet have 
their uſes on various occaſions, as will evidently appear from many of the 
queſtions themſelves. But there is another excellent uſe to be derived 
from their ſolution, that does not appear at firſt ſight ſo evident to 
learners; which is, the furniſhing them with an, agreeable opportunity of 
exerciſing their talents in the application of Geometry and plain Trigo- 
nometry. For it ſhould be well obſerved, that as all the operations re- 
lating to ſailing depend chiefly. on the principles of Trigonometry; fo 
the perſons, to whom theſe principles are moſt familiar, will with the 
greateſt readineſs not only apply them to the caſes of failing, but alſo ſee 
more clearly the reaſon of every ſtep they ſhall find themſelves neceflitated 
to take. And as a further exerciſe for the underſtandings of thoſe who 
are deſirous of extending their notions this way, it has been thought pro- 
per to annex the Queſtions 1n the following ſection, with their ſolutions, 
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60 1 SAILING. Book II 
V | 


| 5 D345 by Coll Dun of Practical Queſtions. 


The figures belonging to the queſtions in this ſection are in Pl. XI. 

and numbered the ſame as the queſtions. "3 
QUESTION I. 4 Hip in latitude 47 30' M. and bound 10 4 port in lati- 
tude 42 O0 N. and 140 miles to the weſt, propoſes to reach her port by run- 
ning equal diflances on each tack, the firſt to be on the meridian : What mu? 


L phe courſe be on the ſecond tack, and how far on each? 


SoLUTION.: With the given difference of latitude= 330, bd the . 
parture IO, conſtruct the triangle ABC; from E, the middle of ac, 
draw Ep at right angles to Ac: then drawing DC, a AD, DC, will 
be the diſtances the ſhip muſt run on each tack. 
For ADC is by conſtruction an iſoſceles triangle. 2 (n. 93) 
In the triangle AaBc, find the angle A (III 46)=19* 59% Lach; 
the 4 ac + £CADS 4 BDC=39? 58, the ſecond courle in the aha 
uarter. : 
6 In the triangle cBp, find (IT. 45) pc=186,8. 
_ ANSWER. The firſt courſe is 8, the 2d S. 39? 58“ b wen the edi 
_ tance on each tack 186, 8 miles. | 


2 5 II. 4 ſhip having failed NE. b. E. from. a port in latitude 
42 18' N., met a flooþ which had ſailed from a port in the ſame latitude, 
Hing 92 mules to the eaſt of the ſbip's port: the fum of their di fances made 1 159 
miles : Reguired their reſpective courſes and diſtances. 
Soturiox. In an eaſt and weſt line take Ba =92 m., from. B Grow on 
the NE. b. E. rhumb Bc=150m,. join ca; then En, drawn at right 
angles to ca, from E, the middle, gives p, ſo that pA pc, (II. 93) 
In the triangle ABC, find (III. 48) the CD =I 275 and 4 ACD 
=D ENT ET 7 
Then 4 BAC——4 CAD= £ BAD=Z $2 40'; hence DAG 35% 
In the triangle BAD, find (III. 45) BD g 101, 9 m., and Ap=57,7 m. 
AxswWER. The ſhip failed NE, b. N. 101,9 miles, W the "op 
_ failed N. 7* 20% W. 577 miles. 


| . III. Two fhips A, B, ſail from one road, their courſes * 
an angle of 50 00'; A oy between the S. and W. 40 leagues, B Ds 
between the Sand E. 5O leagues, has got 15 leagues to the ſouthwar 
Required the courſe of each ſhip, a fo the quits. in and departure 
From A to B. | 
SoLUTION, With the given ſides and included LA, conſtruct the 
triangle acB: On A, with 15 leagues, deſcribe an arc at D, and from E, 


the middle of AB, with the radius EA, cut the former are in 9 (I. 131 ;) 


draw the given diff. lat, Ap, and the required departure DB: then c 1 
the port ſailed from, A one ſhip's place, B the other's. | 
In the triangle Acs, find (III. 48) the £4 cap=78* 24, and L ch 
2519 36/; the ſide as will be found 39,1 leagues. In the triangle ADB, 
where Ate AD, are known, find ADBAZ22? 34“, 4 DAB=67, 26, and 
"S0=a0,;. 
ANSWER, A's courſe is S. 34? 10/ W. 's is S. 15? 50“ E.; n bears 
, from A S. 67 26' E. departures Bp is 36,1 m. the diſt. A 
is 391 miles. | nn. 


EE PLANE.SAILING «6. 


 _QuesTION IV. From two ports, bearing NI, b. N. and SE. b. S. two 
ſhips ſail, the one NE. the other N. b. E.; they meet, and find that the ſum 
of therr diſtances added to the diſtance of the ports made 148 miles: Required 
the diſtance.of the ports, and the run of each ſhip. r 
Sorurtox. Make a triangle Ab E equiangular to the triangle required, 
in which one ſide, as Ap, ſhall be of any aſſigned length, as 30; and by 
Art. 45, Book III. find pE=41,61; ABZ 23,57; and the ſum of the 
three ſides of the triangle apt will be 95, 18: then ſay, LITE 
3 # As 95,18 : 148 :: ap=30 : AC=46,65. 
918: 148 ::: DES41OT : CB=04,70.. 
Then the other fide AB will be 36, 25 miles. | 
8 fs : The diſtance of the ports is 36,25 miles. Pets © 
ORs hd tet One ſhip's run is 46,65 miles, the other's 64,7 miles. 


„ — 


Qs rio V. Two ſhips meet at ſea, bound to two ports diſtant from one 

another 12 miles : Now if one ſails NIV. b. N. fix miles an hour, and the 
other NE. eight miles an hour, they will arrive at their reſpective ports at the 
' ſame time: Required the diſtance each ſhip muſt run, and the bearing of theſe 


* 


ports from one another. Hoe | 6) „ 
Soturtox. With the courſes and rates of ſailing make the triangle 
ADE, A repreſenting the place of meeting; parallel to DE draw AC 
12 miles; through & draw 6c parallel to Ap, meeting AE produced in o 
through c draw cs parallel to Ac, meeting Ap produced in B; then n 
and e are the ports. Fer aB: Ac: : 6: 8; and BC=I2=AG, BG being 
a parallelogram. 5 EL OR NE | 
= inthe triangle Ap, knowing Ad, Ak, and Z A, find J. D NO 30% 
n 45, and DEZ, ol 5 miles; then DE ; BS :: AE: Ac 
10,05; : AD: AB=7,9088. | KT E 
Answrk. J One runs NE. 10, 65 m; the other NW. b. N. 7,988 m. 


© *1< bears from B, N. 85˙ 45 E. 


n 


he. Mi. 


Qs rio VI. 4 fleet of ſhips Rleering SM. b. S. four miles an hour, 
en ſeeing @ ſail, detached a cruiſer, which gave chaſe SE. five hours at the 
Tate of ſeven miles an hour, comes up with, and takes the chace. After an 

hour's time ſpent in adjuſting matters on board the prize, ſhe fleers for the 

Reel, which /lill kept on the ſame courſe and rate: Required the courſe the 
eruiſer muſt ſhape, and the diſtance ſhe muſt run at ſeven miles an hour, to 

join the. bt 13 RW, os . 
= 20LUTION.. Let c be the firſt place of the fleet, draw cp, SV. 3. F. 

and ch, SE.; make cB=35 (=7x5), CAZ24 (=4x6), and draw 

= 4B; chens is the place where the cruiſer took the chace, and A the place 
| , Where the fleet was when ſhe left the chace: make arm=4, FE=Z7, 
1 BD parallel to FE, and p is the place where the cruiſer joined the 
cet. 3 Ne | a 8 
In che triangle Ack, find Z can=63* 25/ and Z cBa=37? 49, and 
2 38,39. Then (II. 91) 4Fat=116* 35'. In the triangle FAE, 
find £E=30? 4% and C F = 32 41. = 5 ei os 
In the triangle aps, ſimilar to Ark, find BD 63, 58 miles. 
AxsweR. The cruiſer muſt ſteer 8. 66* 26' W. and run 63,58 miles. 
r 5 Is | 8 Hey <VESTION 
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3 PLA NE 84 FLING. Book vn. 
rtr VII. 4 hip, ſailing on a WSIW. courſe, can ſail from "I port 


A fo the 7 B in fix days : But ſeiling at the ſame rate (by the log) on a 


NE. b. M. courſe, ſhe goes from B to A in three days, a current ſetting all the 
way between the ports 7225 half a mile an hour: Required her dead reckoning 
outward and homeward, alſo the bearing and di france of a from . 


F4 


SoLUT10N. In the nine days outward and home ward- ound, the cur- 


rent runs at Z mile an hour, 108 miles eaſt, that is 7⁴ mi. for outward, 


and 36 homeward. In an eaſt and weft line take aD=36, pd=72; 
through a draw a SF. rhumb, and through 4 draw a NE. b. N. and 
SM. b. S. rhumb, cutting the farmer | in E: Through p, E, draw parallels 
to d E, d A, cutting in 3; join AB, and draw By parallel to EA, meeting 
d & produced in F; then A and B repreſent the two ports, AE the out- 
ward dead reckoning, ED the homeward, and AB the true diſtance. 
For if Ar BE Y DA 72 is the drift of the current in the outward ac- 


count, and the courſe ſhaped is along As, the ſhip muſt run between Ar 


and AE. Alſo if Bc AD 36 is the current's drift homeward, and the 


courſe ſhaped js along Bp, the ſhip muſt run between Bc and Bp. But 
AB 1s the only common diagonal to the parellelograms FE and DC; con- 


ſequently A and B are the ports, 


In the triangle ade, find (III. 45) 45 =161,6; and Ed BD, 30 m. 
In the triangle aps, find (III. 48) £4 DaAB=39* 395 and 1 etl 
360 Alſo (III. 45) find AB = 90, . | 


\ 


The dead reckonin outw,= 161,6 m. [ES =74 39 m. 
ANSWER. i The true courſe is S. 210 21' W. diſtance 9904 {its 


8 


: : # *% 2 24 1 * * 


_—_ 4 8 3 
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Qprerios VIII 4 Pip, he PT a cape ay. 1 ſailing NE. b. * 


45 miles, receives in the night confiderable damage from a florm; ſhe then bore 
 airettly. toward a lighthouſe lying 24 miles to the Mil. of the cape, and 


having run 40 miles, and the day breaking, ſhe diſcovers a port 42 miles to the 


north of the cape : What was her courſe and diftance to that port? 


SoLuTron. Draw Ab, NE. b. N. 45 m.; an, N. 42 m.; Ac, MV. 
24 miles; join DC, make DE=4O'm. and draw AE; EB; then A is the 


cape, C the lighthouſe, and B the port. 


In the triangle CAD, with the given lides and included angle find 


the £.c=70? 587, 4.D=30* 162, and the fide pg 46,69 miles. 


In the triangle ADE, with the given ſides and included angle p, find 
the L DEA=87? 087, C DAE=62* 36%, and AE=22,71 miles. 
In the triangle BAE, with the known ſides AB, Ak, and included Z EAB, 
find ZBEASSI24" 47 4B=26* 22/, and EB=24,67 miles. 
The courſe from E to E is N. 267227 E. Fs 


ANSWER. And the diſtance E B is 24,67 miles. 
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e vn. - PLANE SAILING. . 


Ons 10. IX. 4 ſhip running at the rate if 41 miles an hour, with the 
wind then at E. b. N., blowing two points abaft the beam; at five in the 


evening, being two leagues to the W. b. S. of a headland, ſhe met the tide of 


pod ſetting SSH at the rate of IA miles an hour, and at nine that evening, a 
lighthouſe which lay to the NNE. % E. of the headland, bore ENE. } E. « 


Required. the ſhip's courſe and her di Aance from the lighthouſe. 


SoLuTION. From five to nine is four hours, in which time a ſhip 
runs 18 miles, and the tide ſeven miles; alſo two points abaft the 94 
or. 10 points from the wind, is N. b. V. 

Suppoſe the ſhip at a; then in the E. b. N. rhumb take At=6, and 
x is the headland ; in the NV. b. N. take AB = 18; through B draw ne: 
parallel to the SSI, rhumb, and equal to 7, jon CA, CE; through Ex 
draw a NNE. ; E. rhumb, meeting in D, an ENE. 1 E. chumb, drawn _ 


from c. Then e is the place which the ſhip arrives at, Ac is * real 
run, and p the place of the lighthouſe. 
In the triangle aBc, where two ſides AB, Bc, and the .included £85 


are known; find £Bca=1o1n? 19, £C BACK, 250 , and the lide Ac= 


| 15,26 miles. 


In the triangle CAF, where Gore. are known AaE=6, 8 


2 2134 55*; find ARC 32 47% EL ACESI2" 185 and the ſide 


=19,94 miles. | 
In the triangle CED, where there are known c 1000 m. LD=47 


49% £ DctE=35" 30% and DECO 35/; the ſide ED will be found 
15.67 miles, and the ſide cD=26,74 miles. 
ANSWERS. The ſhip's true courſe is N. $0" 10 W.; diſt. from the 
5 Co” 8 miles. i 


PRO Py 8 de. * 
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Qvrsriox X. T fhivs departed from a port at the ſame time, ol 1 
one had failed S E. B. E. 40 miles, and the other Sl. 50 miles, they were 
equally diftant from a rock which lies direftly ſouth of their port : Required | 
the bearing and diflance of each from the rock. | 


SOLUTION, From 4, the port, draw AB S. 50 miles, Ac SE. b. E. 


= 49 miles, join Bc, and from F, the middle, draw FD at right angles to 
| BC, meeting the meridian in p, the place of the rock, and join DB, Ves 


which are equal by Article 103, Book II. 
'In the . Bac, where there are known An 50, ac g 40, nA 


21010 15% find CA 44" T5 CAC 34" I's and BC=69,50 
| miles, ; 


In the triangle ARC, where there are known AC=40, LEACEZ 565 | 


155 £ ACBZ44* 35% LAECE;Q? Io; hnd be 16606! miles. 


Then cr=(Z BC)—ECSFES1,07. 

In the right angled triangle FED, where are known FES=I,O7, and- 
LFED=79* 10/; find the fide DF=5,591. 

In the right angled triangle DFC, where DF=5,591, FC=34933 find 


the Cres 54% and De= 35,38 miles. 


The ſhip at Bis 35,38 m. to the S. 88* 1 & W. of the rock. 


: Aus wa. 1 The ſhip at e is 35,38 m. tothe N. 705 04” E, of the rock. 
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1 PLANE, SAILING. Book VI. 


QuzsTION: XI. Sailing E. B. &. 71 knots an hour, 1 we Sg two Handi, 
one beari Ing SE. b. S. the other E. b. W.; the tide was then running S. 


b. W. 21 miles an hour : two hours after, the fir land bore M. b. S. and 


the other N. M. b. V. Required the ſbip's courſe and diftance, 0 080 with 
the bearing and d Wen of thoſe iſlands from one another. e 


* $ououTION. In an E. b. S. rhumb, take ac=ts wales | : . 
* 2); through Aa, draw AB, AE, parallel to the E. 7 N. bo 57 5 
rhumbs; 6 60 cD Sb. N. and equal to five miles, which 0 oh 
runs in tyghours; through p, 'lines beifig drawn parallel to the NIF. b. 
N. and b. S. rhumbs, their interſectlons with AB, AE, will give E, 
the place f the ſouthern iſland, and B, the place of the northern one; 

join Ap, BE. _ 
In the triangle ADC, where Ac 15, Dc= &, and Lacn=45 057, 
find the ZcDaA=119% 52, £CAD=r7" 087, and AH=12 miles. 
Nov as Eo is parallel to AB, and BU parallel to Ak, therefore AyDE is 
2 parallelogram ; and ſo ABZ ED, AE=BD. 
- In the triangle AED, where AB=12 miles, Latn=112 30% C DAE 
1 52 and Z ADE= = 39" 3805 find, AE = 8, 286 miles, and ED 
65072 miles. | 

In the triangle ABE, where AESS, 286 miles, 6072 miles, and 


LEABEZ67* 300; find 4 ABEZO 15 the 4 AEB=43" I and the 
fide BESS, 156 miles. FT, "0; 55 


The ſhip's courſe was 8. be a E. diſtance 12 . 
Aus wen The N. iſle bore from the 8. le, N oY pc E. diſt. 8,186m. 


3 — * 
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Qvzsr108 XII. Coming out 7 a fe” into which the tide of flood Was 
then ſetting, I ſaw two headlands, the northern one, which bore ENR. Z E. 
was known to be 15 miles to the "NNE. 2 Z E. of the other, which then . 
S. 5. E. : after running E. b. S. J E. 24 miles by the log, the northern head- 
land bore NIV. and 2h other M. b. S.: Required the A and . af the 
tide. 


& © E . 7 — 
— . i : 4 5. * i. 
: - 
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8 ns a VE. E. rhumb take an=1 5 miles; ch A 


draw ac N. ö. I. and av E. b. N.; alſo through 8 draw ge S. 


ZW. and Bo SE.; then C, the interſection of AC, BC, is the ſhipꝰ s place 
at firſt, and D, the meeting of BD and Ab, is the ſhip' s place at alt : 
from Cc draw an E. 5. S. 2 1 2 rhumb Eg 24 miles, and join gp. 

In the triangle ABC, where A815 miles, LAcp=gg" 38 and the 

4 CBA=45* O; find Ac 10, 66 miles, 

In che triangle ABD, where ABZ 15 miles, ARS 56 FE and the 
| L.aBD=732 08/; find aD=17,26 miles. 

In the right angled triangle CAD, where Ac g 10,66, ind AD= 176; 

find £ acy=58* 19, Abc 31 41% and pg 20, 9m. 

wan triangle CDE, where CE=24, CD=20,29; Ang ID 145 49 ; 
find 4 cED=$g2" 42, and DE=6,522 miles. | 


ANSWER, The tide ſet 8. * 5 5 W. and its arif 16 6 522 8 
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QuzsT1ON X Ut, A ſhip running Foe Enots an ba diſcovers Scilly 
lights bearing NE, b. NM. diſtant 71 leagues, the flood tide being juſt made, 
an ſetting EME. two miles an hour : Required what courſe ſhe muſt fleer, 
and how far by the leg, to CW her, 41 five _— to the Ph of the e | 
which lies 11 leagues to the E. b E. of Scilly, 


SotuTION. Draw sL E. b. Na E. 33 miles, LE S. 15 miles, and 
8a SF. b. S. 18 miles; join 8E, AR: Draw ans EME. two miles, and 
on B with Bc=5 miles cut AE in c, join Bc ;z draw AD parallel to ße 3 
and ED parallel to A8; then A repreſents the ſhip's place at firſt, 3 
Scilly, 1 the Lizard, E the ſhip's place at laſt, and AD the rhumb and 
diſtance the muſt ſail. 

In the triangle sLE, where $8L=33 miles, LE=IS, and the Ast 
=84* 22'; find LESS 18', Ls s 20, and 3E = 34, 89 m. | 
Ia the triangle. ASE, where A8 18, 5£=34,89, and the LASEA 
10g o2'; find £SAE=51? 59', CsEA Rg 50%, and AE42,96 m. 

In the triangle ABC, where AB 2, BC= 5, and Z BACZLS' 14'; find 
Le= WF: W's 

lf in the triangle Apr, ſimilar to the triangle ABC, are known 

AE=Z42,96 miles, ADAE=7" II“, ZAED=18* 14%, and the 4D 
I 54 35'3 hence the ſide Ap will be found = 31,32 miles. 


ANSWER. * The 925 muſt fail 8. NP 50 E. diſtance 31,32 miles. 
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Quanpion XIV. 5 T; x0 *clack i in the evening a bei ; fi a ſhip « 4. 
rect to windward bearing NE. about three leagues diſtant, they were both 
cloſe hauled, on their Rlarboard tacks ; 55 the pri vateer having ſailed/18 miles, 


b at nine o'elack the ſhip bore E. b. N. 1 E. Now the privateer fiuding he 
g 0fꝗ a- head, would ok with the ſhip at two o'clock in the morning : Re- 
L guired at what rate the privateer miſt ſail, and at what time tack about, 


keeping fix points from the wind, Juppeh ng the other r aogs not aller ber | 
courſe. me rate of Helling. 


5 Six points from the wind at NE. on ſtarboard FOR is 
N,; then in a line Ar parallel to a NMI. rhumb take ac=18 m. 


"8 4 draw Al NE, in which take AB=9 3 alſo BG=3, GI=5, repreſenting 


the times between fix and nine, and nine and two o'clock z draw BE 


= parallel to Ar, and through c draw an E. 5. M. 1 E. rhumb cp; join 
ba, draw IE parallel to DG; through E draw EF ſix points from the 
wind, and join RC « CB: then the ptivateer acting at r, will meet the 


IF hb at B. 
in Sen warde ABC, find ABC 82 46 Lag 295 4 | ind 
= CB=10, 
* In „. CBD, find BD=12,04, and pc=8 689. 15 ; 
hen BG : GI : : BD: DF =20,07.miles, the ſhip fails from nine to two. 
9 Is the triangle cx, find £c =81? 31, 15225 21', and Ec 
19,42 miles. 
1 the 95 CRF» find E= 5 and FC . miles. | 
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Now Fs +rc=37,63 m. which run in five hours, is 7,12 m. an hour. 
And Fc at 7,12 m. per hour gives 3 h. 37 m. 48. after nine o'clock. 


., Answss, The privateer muſt tack-at 12 h. 37 m. 48 fl. and fail 7,12 
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QvxsTion XV. Two ſbips fleering between the S. and M. parted com- 
pany in latitude 20? 15, N. one going 2.4 points more * than the other; 
next day at noon they arrived at two ports in latitude 0 10 M. and diſtant 
45 m—_ : Required the courſe and diſtance which each ſhip failed after they 


7 


SoruvrioN. In an eaſt and weſt line take cB=45 miles; on cp de- 
ſcribe (II. 89) the ſegment cBa of a circle that ſhall contain an angle 

_ equal to 309% 56'=2 +4 points; in the meridian take BH 59 miles, the 
diff. lat.; through Hñ draw HA parallel to ch, meeting the circle A in 

_ * a; draw AF parallel to Hs, meeting cB produced in g, join AB, Ac, and 

from E, the center of the circle A, draw EA, EB; EO parallel to cs, ’wů 


- 
. 1 : * 


and ED parallel to BH. V 1 8 
. In the right angled triangle EBD, where DEB (4 caB=) 30? 5% l 
\ 72 and DB = 22, 5 miles; find EDZFG=37,54, and EBZEAZ4%77 m. os 
EN Se In the right angled triangle a; find Z ARO g 22/, and E6=38,15. 
In the right angled triangle AFB, where Ap 59 miles, BDT (= 
£6)—DB=15,65; find Z BAF=14* 51, and AB 61, o6 miles. = 
In the right angled triangle arc, where AF=59, CF=cB+BF=60,6; i 
miles, and Z CAF=45? 49” ; find Ac=84,62 miles. | oP 
CS: The courſe of one ſhip is S. 14* 51/ W. diſt. 61,06 m. 
ANSWER. ] The courſe of the other is S. 45 47/ W. diſt. 84,62 m. 
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_ QuesTIon XVI. Two fhips, A and n, eb ging 6 the rate of fox knit: 

an hour, parted company in the latitude of 45 NM. a ſteering in the NE. and 8 

u in the M. quarter ; next day at noon they both arrived at their ports, a 

in lat. 45 58” N. B in lat. 45 36 M and the ſum of their departures wa: 

wo 64 miles: At what hour did they part, and what was the os and diſtance 
BS: - __ each ſhip had ſailed? 1 LES. 5 555 1 


Sol uriox. Make the departures F6=64 miles, the diff. lat. T8 58, 
and 6c=36 miles; draw nc, and from k, the middle of nc, draw «x a 
right angles to BC, meeting FG in A, and BF produced in z; join ac, ; f,, 
then draw AH parallel to FB; and cp, Bu, parallel to FG, meeting Ah in- 


1 and H. 32857 | 


In the right angled triangle nDc, where 'Dc==64, DB=22 ; find 
* £DBC=71" OZ, £DCB=18* 58', and BC=67,69 miles: Hence Bk 
KC= 33,04- >. ; . 3 


In the right angled triangle EE, where 4 x=18* 38/% xBE=71* % 


» . 7 Fa % 5 | 3 uf 1 
I 2 KB= 33,04 miles; find 11 104,1; Hence II—Ir STI 401 
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85 QuxsT10N XVII. Paſſing by a rock which lies off the mouth of a har 
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Book VII, PLANE;S A NGO. 65 
i In the right angled triangle Er A, find Fa=1 5,84 miles: Hence Ae 
de right angled triangle arc, where Al (ocz) 36, 1c=48,15; 


kind Z1ac= 53* 13% and Ac=60,13 miles. 


In the rightangled triangle ans, find C. Ban=15* 17'. TY 
Now AC or AB=60,13 divided by 6 gives 10,02 hours =10h, 1 m. 


Aa 


. > 
? 2 * * 
* 


i 5 The ſhips parted at ib. 58 m. 48 f. in the morning. 
| Aus wn. A's courſe is N. 15 177 W. B's is N. 53 13 E.; diſt, 
| j Vun by each is 60, 13 miles. 


ER * — 


— At Roe we. Ad 


3 * 1 


$our, the breadth of which 2s 12 miles, the wſtern point bire NM. and 
is nine miles diſtant from the town; the eaſtern point bore NE. b. NM. and is 
fix miles from the town : Required the diftance of the rock from the weſtern 
and eaſtern points, and alſo from the town, which bore N. b. E. She 


 SorLuTION: Witch the three given ſides; 12, 9, 6, baving conſtructed 
A triangle where A and c are the weſtern and eaſtern points of the hare 


bour's mouth, and B the town; make the C. acyD=3 points, = /_ between 


the bearings of A and B; alſo make the 4cap=2 points= . between 
the bearings of c and B; through apc deſcribe a circle, and through o 
and B draw the right line BF, meeting the circumference of the circle 
again in F, the place of the-rock, - e 
For the ZAFD= 4 ACD=3 pts.; andrer /CcAD=2 pts. (II. 129) 
In the triangle asc, find Z BAcz28 '57', the 4 Bca=46*? 37, and 
the . ABC 10A 30. Wo . e 
In the triangle Acp, where 4 apc=123* 45 /.DCA=3 points, 
fand pa 8,018 miles. 
In the triangle ADs, where aB=9, AD=8,018, and Z paD=6* 27'; 
find the ZABD=41* 05z/: Hence / cBo=63? 247. | 
In the triangle ABF, find Arg 10, 65 miles, and FB=15,64 miles, 
In the triangle FBc, find Fc 14, oz miles. Hobo : 


= ANSWER. FA=10,65, FB=15,04, FC=14,02 miles. 


* | k 


pol 5 1 * 14 
ha.” —_ 


— — 3 A 4 Th TIE eee 


* 


2 


having caft anchor among ac of lun, 


I objerved three lighthouſes, a, B, C; a bore NNE. B bore SS E + E. and 


© bore weſt ; the diftance from A to B is 94. miles, from B to c 78 miles, and 


0 from à to.C 5s 59. miles: Required my diſtance from each lighthouſe. 


_ $OLUT on. Let anc be the triangle formed by the diſtances of the 


three lighthouſes ; on cx, ca, deſcribe (II. 89) ſegments 'of circles that 


ſhall contain the angles included between the bearings of c and , and 
of e and A; and the interſection Þ of theſe circles, is the point where 
the ſhip caſt anchor: through the centers u, k, draw ag, bs, at right 
angles to CB, Ca, meeting the circumferences of the circles in E and 6; 
and draw EB, EC; HB, He; GC, oa; KC, KA; and join Ku cutting 


— 
a {0 8 ** * f 74 & . - 
AM . 4 WT) ER 1 8 . A. 4x 4 . oy 294 F i 0 Ts 4 C2 > - , 4% N 
F 2 . ow 
» f ; — : [5 


hem 


— — — - 
- 
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| 324,197 miles, which i is W S FUN mane the e lay by. 
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Now bereue op is a chord common to both circles, therefore Hk bi- 
ſects it in m: alſo, becauſe cbER and Z.ces together are meaſured 
by half the circle (II. 128); therefore 2. cCEB=18g8%=4CDb;; and for 
the ſame reaſon, the Z c= 180. cp; therefore the angles 5 
CGA, are known; and (II. 127) e their equals 4CHa=b1® 524 
nA =/ zol det eavin © 

In the rriangle CAB, from the given ſides find Lcapzss? hy 
. £. cBA=38? 44% and the C. acp=85* 28/. 

In the right angled triangle cal Where 0 39 m. Lena=br* 5245 
find CH=44,22 miles. 20S Op 

In the right angled triangle , where 6520 m. Lexb=b7" 300 
find ck 31, 93 miles. 


In the triangle KCH, where KC=319H RSS the Arch 


236? 06&/ (= Rca LAEBH E find e 40ʃ, and 4 
CHK=18* 14% 
In the right angled triangle chm, 'whers Lcum=18 145 and CH 


e bind c= 13,84 miles, which doubled A E25, 68 
miles. 


In the triangle, Acb, where cb 27,98 m. cο 255 0 and 
£ acy=41® 493; find Ang 2,6 miles. Ds Dane als; o 
In the triangle. ADBy-where AB=94 eres cave ag af „ pan 
0 2 3 find 3 miles. | | 


OTE Wa. 


i 1 1 18 3 miles . 
Lalo. T he diſtance from D to 2 5 is 61503 miles. 


6 is e n 8 = 
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r UESTION xix In Enel .; 50 „ N. We were Ee by. 3 priva- 


2 3 
= 


teer, wha upon receiving, cur Bread de lay to, and we- toad away NNVW. ; - 


ſeme time after the privaten Bere away ME. 5. NM. and twa hours after, he 

2 Your ęſtimation run ten miles, was ſeven miles diretthy, eaft .of us, 

ow by our account we had failed four leagues fince the, action, and the tide 

all the time had rum two miles an hour : Reguired the ſetting of the tide, the 

4 the Privateer Tay to, our rate of Sailing; and each , tp 5 dire +” and 
Ace. CCE — — — — U 


SdLUTIONs: :: Suppoſe" che Aion at A, then pere to the NVII. 
\ and. NME. b. M rhumbs, draw AB =I m. Ac ram. non: BC; 
through c 'draw ce yãj miles due weſt; join Bp; and in this line pro- 


duced take 5184 miles the tide's drift in two hours; draw cr parallel 


and equal to 13 throy gb r Hau a Weſt line Fo, meeting BI in 1, and 
a meridian through. A, ve: 0 and draw AF, 41, which repreſent.the runs 


of the two ſhips V being the lace of the Privateer When he Was ſeven 1 
miles caſt o 2 other 8 Fs 1 


en At. 1 I. he: at e 
In the triangle ABG, where. ABZ=12, Ag=io and, Se 15˙5 


| And Ach Jie 317, ABS 52 1315 and BGH = 10, 52 miles. NY 


In the triangle BCD, where, BC=10,54. + ED . m. Inc 155 162 
(729 31 —505 15"); find” Z.Bpc=138* 40, Inc 26Q 04, a And 
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* 
<7 LS > 
ba — D N LY > Wr Ix 12 
n RESP a 0 1 mp Ig 
£2 r 4 - Ac Fx AZ 
2 < — — — 
— 4 , 


= 


6 1 e < 2 
N 3 * 5 e 
> pol tr ELIT oe” on es ENCES a hats. 
pa. «3 —_ 209 Bs + i 
1 * ** - 5 „ * * = 3 nh MS 4 * 
9 PO 9 * 218 n 2 5 2 2 2 
* 8 j - i, Shs — vw . 
K Oar 5 Sr St 3 22 4 
1 4 —_ « "1 1 = «4. 7 * 63% 2 by 


wn. ©" 

n 

"A . 
1 ; 


en PLANE SAILING. , |, 6, 


In the triangle Acr, where c 10 m. r 4 m. and Z AcF=82? 
= 25 (= 4 pcr—4pca);. find Z Arc=74* 522 Sc g 424“. and 
A= 10,27 miles, the diſtance ſailed by. the privateer. * 
n the. right angled triangle aGF, where aF=10,27, the L TAO 
MF (Zone + £ CAF=) 56 27 find AG= = 5,675, and G6F=8,561 miles. 
zn] the right angled triangle ac, where A0 = 507 55 G1=(Gr—(1F=) 
WS 1,561 ;,find. AIZ 155 23/ and Al 5,886 miles. | | 
1 * 5197 m. in. 7 2m. per hour, gives 2,098 h.=2 h. 5 m. 
= 52 f. e 
. The arivatder Joy by 2h, 5m. 326 nearly. 
_ oven 1. The tide ſets S. 48? 40' E. 

WER. The privateer failed N. 5650 27' E. diſtance 10,27 miles. 


3 The other 2 failed N. 15? WY E. distance wy miles. 


1 AG Xx. 9 the porte A, B, C, hh under the ſame parallel of 
_ latitude, B being bo miles, and & 160 miles to the eaft of A, three ſhips fail 
1 tewarg! the NIV. quarter and meet together, B having ſailed two points, and 
= 3 points farther from the meridian than A had: Required the courſe _ 
== 9:/7ance each ſhip has run. 5 5 


A 
7 


0 Soruriox. In an eaſt and weſt line CD, take ca= tho m. AB 
0 | 60 m. make the angle Ac 2 „ 30's” the _ angle -CARZSIS 
. points = 16* 52/3" and join EB. 

1h Through the points Agc Ycleribe, 2 circle, cutting the line EB produced 
in R, and] join HA, Ho. 

Now ZaRR=LAcE; and LBHCS Z. BAE. 55 HII. 129) 
IF Therefore ſhips ailing from A, B, C, and meeting in , their courſe 
"eu will differ by the quantities propoſed. | 
* For drawing a meridian HD, the angles DHA, DHB, DHC, will re- 
1 ſpectiyely repreſent the angles WIEN, the ſhip" 8 courſes make with the 
3 1 4 meridian. * 

1 In the ap nf ACE, where Hearts miles, Aci points, ECA 
22 points, and ZAEC=127 points; find the fide EC g 73, 21 miles. 
In the triangle sc, where Beg IOO m. CE=73,21, and the in- 

© cluded LBCESZ 22 x03 find the angle CEB=110" 375 and 4CBER 


+ 53˙. 7 
Y Hence LaBmn=40* 53 b. 93); the {nan 370. 1 
4 In the triangle AHB, where AB 60, and a the angles are known, 5 


4 1 | find HA=102,6 miles, and HB=140,2 miles. 
1 nn the. triangle Anc, where AC=Z = 160, and al the angles are known, | 
EL mes. 7.4. 
> e A's courſe is N. 265 37 W. diſtance 102,6 miles. FIND 
Y 4; s courſe is N. 49 07 W, diſtance 14072 miles. 
£ 3 099g. is N, 6 5 59. W. Ades 72515 miles. 
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O the ſurveying of Coaſts and Harbours. 
From what has been already ſaid in the preceding ſections, an intelli- 
gent reader would ſee how the buſinefs of taking the bearings of part of 
à coaſt, and of plotting or delineating it, might be done. But as there 
are ſome particulars, which can be gained only by experience in the art 
of ſurveying, it will not be improper to apprize the learner concerning 
them, to qualify him to go more readily to work © 
52. To take the Draught. of part of a Coaſt in ſailing along it. 
- Tit. Having brought the ſhip to a convenient place, from which the 
principal points of the coaſt, or bay, may be ſeen, either caſt anchor, if it 
is convenient, or lie to as ſteady as poſfible; or if the coaſt is too ſhoal, 
let the obſervations and meaſures. be done in a boat. Then while the 
veſſel is ſtationary in that fituation, take the bearings in degrees of ſuch 


points of the coaſt, as form the moſt material projeQions, .or hollows, . 


with the azimuth compaſs ;_ write down theſe bearings, and make a rough 
ſketch” of the appearance of the coaſt, obſerving carefully to mark the 
points, the bearings of which had been taken, with letters, for the ſake of 


reference. NOR IRC ⁊̃ Ü „ ; 
2d. Then let the ſhip or boat run in a direct line, which muſt be very 
carefully meaſured by the log, or otherwiſe, one, two, or three miles, 
more or leſs, until ſhe comes into a fituation from which the ſame points 
before obſerved can be ſeen again. There let the veſſel lie ſteady, as at 
the foregoing ſtation, and obſerve again the reſpective bearings in degrees 
of the ſame points, which are alſo to be written down; and a rough 
ſketch of the coaſt ſhould alſo be taken from this ſtation. | But while the 
Veſſel is running the baſe. line from flation to ſtation, a more accurate 


Tha. — 


drawing of the appearance of the coaſt ſnould be made. 
3d. To map theſe obſervations. In ſome convenient part of a ſheet of 
paper deſcribe a circle, draw the, magnetic meridian, lay off the ſeveral 
| bearings taken from the firſt ſtation, and let them be numbered 1, 2, 3, 
Oc. on the outſide of the circle: lay down alſo the feveral bearings taken 
from the ſecond ſtation, let theſe be numbered 1, 2, 3, &c. on the inſide 
of the circle, obſerving that the bearings of the ſame points are numbered 
with the ſame figures. 1 Wo 


th. Draw a line to expreſs the ſhip's run both in length and courſe; 
and from that end of the line expreſſing the. firſt ſtation, draw lines pa- 
rallel to the reſpective bearings taken from that end, and marked on the 
outſide of the circle: alſo from the other end, draw lines parallel to the 
. bearings taken at that end, and noted on the inſide of the circle ; mark the 
interſection of each pair of lines, directed to the ſame point, with the num- 
ber annexed to their. bearing; and through the interſections, ſo marked, 
draw, by hand, a curved line, obſerving to wave the line in and out, as 


near as can be, like the bending of the coaſt itſel Laſtly, Set off the 0 


variation of the compaſs from the north end of tha magnetic meridian 
toward the right hand, if it be eaſt, or toward the left hand, if it be 


| weſt, and draw the true meridian through that point gnd the center f „ 


1 | He ph Sth, Againſt 


„ „ „ nr 
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bo 5th. Againſt each part draw the appearance of the elevated, or low 
== ground, as marked in the ſketches, diſtinguiſhing rocks, cliffs, high-Jand, * 
pos- land, ſand-hills, Sc. If there are any currents, or eddies, expreſs 
mem in their proper places by darts, or arrows, the points being turned 
chat way the current ſets. Put in the ſeveral ſoundings at low water in 
ſmall figures, diſtinguiſhing whether they are fathoms or feet; ſhew the 
= time of high-water on the full and change days by Roman figures, and 
tell the riſe in feet. Put in a compaſs, and a (ſcale of miles, or leagues, 
ſuch as the veſſel's run was laid down by; add the name of the place, the 
W coaſt; and the latitude and longitude, as true as can be obtained, 
: 6th. If there are ſhoals, or fands, on the coaſt, let them be taken by a 
boat failing round them, and keeping an account of the courſes, diſtances, 
and ſoundings. But to put them in the draught, the boat muſt take the 
W bearings of two points on the coaſt, the bearings of which have been 
taken from the ſhip, from ſome part of each ſand or ſhoal fo failed round. 
Or, the bearing of the boat at ſome part of the ſhoal, or of ſome beacon 
in that place, muſt be taken by the ſhip at each of the ſtations where ſhe 
took the bearings of the ſhore; for by either of theſe means one point of 
= the ſand being obtained, the reſt of it can be laid down from the boat's 
account. . Mw” | 
| © 7th. If the coaſt to be ſurveyed is a bay or harbour, winding in ſuch _ 
2 manner that all its principal points cannot be ſeen at two ſtations, let 
as many baſes, or lines, be run and meaſured exactly, as may be found 
necellary ; obſerving that theſe ſeveral baſes run join to one another in 
the nature of a traverſe, and that each new ſet of objects, or points, 
obſerved, be taken from two ſtations at the end of a known diſtance, 
5 Or, look out for three or more remarkable objects on ſhore, which 
e as far out of a right line as poſſible, and may be ſeen from every part 
of the bay or harbour which is to be ſurveyed. From any convenient 
ſtation let the bearing of one of theſe objects be taken with the compaſs, 
and the angles which are ſubtended by this and each of the others, be 
= obſerved with Hadley's quadrant. Let the ſhip run from this ſtation, in 
RE 2 direct line, as far as the nature of the place will admit of, meaſuring 
== the diſtance run by the log. Bring the ſhip to, or come to an anchor, 
and let the angles which theſe objects ſubtend be again meaſured with 
= the quadrant, and the bearing of that object be ſet with the compaſs, 
wich was ſet before. By theſe means, the ſituations of the objects on 
— ſhore will be had with reſpect to one another, and to the baſe line; after 
= which the poſition of any point may be obtained, by meaſuring the an- 
Wi} ey enced at that point, by any two pairs of them, with Hadiey's 
RE Sth, If any particular parts of the harbour cannot be conveniently ſeen _ 
tom either of the tations, take the boat into thoſe places, and having 
well examined them, make ſketches of them, eftimating the lengths act | 
breadths of the ſeveral inlets, either by the rowing, or failing of the boat, 
taking as many bearings, ſoundings, and other notes, as may be thought 
necellary ; then annex theſe particular views in their proper places in tne 
general draught, ' 8 . | 


-- 9th. If there are any dangerous ſands, or roeks, beſides farting | 
oh 


— 


them in their proper places, there ſhould be a double line drawn throu 
chat point and one or more objects aſhore ; and for this purpoſe, chuſe a 


- - 
bk, . 
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| * d church, mill, houſe, noted tree, 2 cliff, or any other remarkable thing C. ca 
= that can be diſtinctly ſeen at ſea, and which can be brought to bear in the o 
=. | _ ſame right line with the point to be avoided, But if that point is under fr 


water, there muſt be two land-marks brought to bear with the danger, in 
the ſame right line; and alſo two others which are in a direction, as 
nearly at right angles as can be to the former two; and that thoſe land- 5 
marks may be put down in their proper places in the chart, their bearings 0 
muſt alſo be taken from two of the ſhip's ſtationss. i . 
Ioth. It ſhould be remarked in the draught what places are unfit for 
_ anchorage, and what are fit, by writing rocky ground, foul anchorage, good 
anchorage, &c.; and in the latter to draw the figure of an anchor. Alſo, Wl 
if there is any particular channel more convenient to fail through than. © 
another, it is to be pointed out by lines drawn to its entrance from two 
„5 ß alhones ß _ 
The foregoing method of ſurveying a coaſt ſuppoſes in general, that it KM 
is taken by a ſhip in her paſſage along, not having an opportunity of go- WW i 
ing aſhore, But when the circumſtances will permit the meaſures and Mm 
_ obſervations to be made on land, the ſurvey can be taken more accurately # 
ET Co Eo on dts TN 


33. - To furvey a Harbour by Obſervations on Spore. 
Aſt. Make an eye-draught of the place to be ſurveyed z and in going 
round its coaſts, fix ſtation faves, or ſtraight poles, tall enough to be ſeen 
at a cenſiderable diſtance, in the moſt remarkable points and bendings of 
the ſhore ; but if at any of thoſe places there is a noted tree, houſe, or 
any other remarkable thing, that object may ſerve. inſtead of a ſtation 
ſtaff; and it will be convenient to black the. ſtaves, and tie a piece of 
white bunting to the top of each. Then in the eye-draught put letters 
at the noted points, or marks, for the ſake of diſtinftion. 


, 2d. Chuſe the moſt extenſive and level ſpot of ground you can mee 
with, to meaſure your baſe line on, which ſhould not be leſs than a tenth 
8 Port of the diſtance of the two extreme objects which are to be obſerved ; 
5 ang let the direction of the meaſured bate line be ſuch, that as many of 
- _ - the ſtations as poſſible may be ſeen from each end of it. The bearing, 
/ or polition, of this baſe, muſt be well determined in degrees and minutes 
and its length accurately meaſured, either by a meaſuring chain, or by a 
piece of log line. 2 eee 8 : 28 75 . 3 
* 3d. From each end-of the baſe, obſerve with Hadley's quadrant, the 
angles ſubtended between the other end and each of the ſtation ſtaves, or 
objects which had been before remarked at each point or bending of the 
coaſt; and write them down orderly in your book, or mark them on the 
pe- draught, JJ. PTE Re Pp BTR Of 1 FO 
A4th. Then theſe meaſures and angles being plotted, or laid down, 
will give the moſt conſpicuous points of the ſhore z the intermediate 
' ſpaces are to be filled up from the ſketches of them made on the ſpot, as 


LE 6 4: <«t at As Quad _ - 


| in Sth of Article 52. 25 Kh . | 
5 - 5th, But if any of theſe objects ſhould ſpread on either hand fo far 
| .beyong the limits of the baſe, that at either end the other end and thoſe 
; objects pr ſaves ſhould appear nearly in the ſame direction, or to make 
angles not engeeding 30 degrees; ors if ſome of the remarkeg objects 
a g 0 5 6 459 ES 85 1 ' : . bs F4 | L can 


» 
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can be ſeen only from one end of the baſe; then let the bearings of ſuch 
obiects be taken from a place, the poſition of which has been determined 
from both ends. of the meaſured baſe : or, if there are. ſeveral remarked 
objects which cannot be ſeen from either end of the baſe line, let the 


; | | bearings of ſuch objects be taken from each of two points, the poſitions 


of which have been taken from both ends of the baſe; or, it may on ſome 
" occaſions be proper to chuſe another place, on which another baſe of a 
convenient length may be meaſured, and from the extremities of which 
the ends of the firſt baſe may be ſeen; and alſo, as many as can be of the 
remaining objects which lay too oblique for the firſt baſe, or which could 
not be ſeen from it: in ſuch manner proceed until the bearings are taken 
== of all the points that are judged neceſſary for completing the ſurvey. of the 
—_— Moe, ON RO 1 
== .lfa baſe of a ſufficient length cannot be meaſured in one right line, 
it may be taken in two adjoining lines, as the two ſides of a triangle; the 


included angle being accurately taken, and the bearing of either line. 


The poſitions of objects taken by a magnetic compaſs being liable to 
great uncertainties, as is well known to thoſe who have had any expe- 
rience, eſpecially at ſea; the mariner has therefore been directed, in the 
== foregoing inſtructions, to take as many of the angular poſitions as may be, 
= by che Hadley's quadrant, the deſcription and uſe of which will be given 
in che IXth Book, © . 

34. When the outlines, or limits of an harbour, bay, road, Ac. are de- 
lineated by the preceding precepts; the appearances of the ſhores, with 
the adjacent remarkable objects, correctly drawn; a compaſs with the 
variation and ale properly fitted to the plan; the iſles, rocks, ſands, &c, 
marked in their proper places; the ſetting and drift of the currents, and 


: [v0 tides; the times of high- water on the days of new and full moon, with 


the riſe of water at thoſe times, and whether whole tide, or tide and part ; 


5 | the beſt anchoring places, with their ſoundings at low water, and the 


winds open to them; the beſt track, with the ſoundings all the way to 


I thoſe anchoring-places ; the proper failing marks to-avoid dangers ; the 


winds, if there are any troubleſome ones, which prevail, and at what ſea- 


= ſons; the places where freſh water can be got, and the time in which a 


boat's grew can fill a number of hogſheads at thoſe places; the name of 
the place, the country in, on what ſea, the latitude and longitude ; a a 
{ſketch of the appearance the place makes at ſea upon a known rhumb, 


XS. nd at an eſtimated diſtance ; and whatever elſe a judicious ſeaman ſhall 


tink proper to inſert; then is the plan fit for all nautical purpoſes. But 
as it is uſual to embelliſh ſuch drawings with proper colours, the follow- 


ing obſeryations may be uſeful to beginners. 


55. A draughtſman ſhould be furniſhed with ſome, if not all, of 
theſe particulars, viz, Iſt. Black-lead pencils: 2d. One pair of hair 
pencils, with the quill. about the ſize of a common pen, and the hairs 
not ſhorter than £ an inch, nor longer than 2 inch; another pair or two 
of a ſize or two ſmaller; they ſhould all draw to a fine point when wet- 
ted ; and that wet point be drawn through the margin of the flame of a 
Fandle, to take off the ends of ſtraggling hairs, if there are any: 3d. A 


—_ marble of five or-fix inches ſquare, and about 4 inch thick, in which are 
Te four, or ſix, or more little round cavities, or cells of about 14 inch 


diameter, 


- 


- _ two tints will do. 
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diameter, and & inch deep, to put liquid colours in when uſing ; or, for 
want of à marble, a few horſe-muſcle, or ſuch like, ſhells: 4th. A cake 
of good Indian ink: 5th. A little paper of carmine, which is a fine red 
colour: 6th, A piece of prepared indigo, which is a blue: 7th. A piece 
of prepared yellow: 8th. A piece of a fap-green : gth. A piece of Spa- 
8 niſh liquorice, or ſome liquid brown, made by a ſtrong ſolution of to- 
bacco in boiling water: 10th. A ſmall vial of diſtilled verdigriſe, which 
zs a fine ſea-green: lith. Some gum Arabic diſſolved in water. Theſe 
. particulars are to be had at colour ſhops : where the colours in lumps, 
or liquids, are generally prepared with a ſufficient quantity of gum in 
them; but thoſe in powders muſt have a pencilful or two of gum water 
put to them, when they are uſed.  _ EASE | 
The colours in lumps are beft uſed by rubbing one end of the lump 
gently in a cell in the marble (or on a tile) till as much is wore off as is 
| Judged neceſſary for the preſent uſe ; and it is beſt to rub off freſh colour 
2s it is wanted, and not to have too much at a time. If the colour firſt 
rubbed up is too ſtrong, as it generally is (unleſs for finiſhing touches) 
put one or two pencils full of that colour into another cell, and lighten 
it with one or more pencils full of water; remove ſome of this ſe- 
cond colour into a third cell, and lighten this with water; and ſo to a 
fourth cell; by this four different tints of that colour will be had, which 
will be found quite ſufficient in the moſt finiſhed piece; in moſt caſes 


In the uſing of liquid colours the pencil ſhould be well wetted with the 
colour, and then gently drawn acroſs the edge of the cell, to bring the 
pencil to a point, and free it of ſome of the colour; for the pencil ſhould 
not be quite full, unleſs it be to cover a large ſpot of the drawing. 
36. When a perfon, unaccuſtomed to the uſe of colours, begins to work 
with them, he may acquire by degrees a facility in laying them well on 
paper. Thus, with a black-lead pencil draw two parallel lines at about 
Z inch apart, and with the lighteſt of the aforeſaid tints (ſuppoſe of Indian 
ink) let him try to colour the ſpace between theſe lines; and repeat the 
trial with other lines, until he finds he can cover the ſpace with an uni- 
form tint, and keep exactly between the lines. Let him try in like manner 
with all the tints gradually to the deepeſt (which is about as black as good 
writing ink) and the moſt difficult to uſe; and when he finds he can fuc- 
ceeed in all the tints, and his hand is accuſtomed to keep the colour ex- 
actly to a line, which he may acquire in a few days, he may proceed thus: 
With a pair of pencils fitted on a ſtick, one for colour, and the other for 
fair water, let him lay a tint cloſe to a ſingle line, and ſoften off the other 
margin with the water-pencil ; let him try to do this in ſeveral examples, 


' ſome on one fide, and ſome on both ſides, of the colour, taking of diffe- 


rent tints, until he finds that he can ſucceed fo, that the colour ſhall, 
from the deepeſt, gradually become fainter and fainter, until it loſes itſelf 


in the whiteneſs of the paper; obſerving, 1ſt. not to lay on a tint longer 


than 14 or 2 inches, before the water-pencil is applied to ſoſten its mar- 
gin, left the colour ſhould dry too faſt ; 2d. not to have the water-pen- 
_ cil too wet, Jeſt it run into the tint too much: 3d, at each length the 
wWater- pencil is uſed to, let its point be ſtroked on the hand, or on a 
waſte-paper, to take off the colour it had imbibed in waſhing that length; 

- otherwiſe the next length might be of a different tint, * . 


* 


Tha 
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The foregoing obſervations being well attended to, will enable a be- 

| Sinner to work properly with colours, in plans. But it muſt be confeſſed, 
| Sat half an hour employed in ſeeing theſe operations performed by an ar- 
tif, will furniſh more knowledge in theſe matters, than can be drawn £. 
from a multitude of verbal inſtructions only, x 


57. The young artiſt knowing how to uſe his colours, and graduate 
' their tints, may proceed to colour the plans of harbours, and their coaſts, 
== thus: G « 1 8 9 
T)be ſhores on the land-ſide are to be ſhaded with Indian ink; the 
= breadth of the tint being within the limits of about & and Z of an inch, 
and laid on at three times; viz. it. A light tint laid cloſe to the ſhore, 
wich the margin on the land-ſide ſoftened off: 2d, A deeper middle tint, 
aid alſo cloſe to the ſhore, but of a leſs breadth than the former, and the 
== inſide margin alſo ſoftened off within the firſt waſhing : zd. A fine line 
= traced on the faid ſhore, with a hair pencil charged with the deepeſt tint, : 
and not ſoftened on either fide, wh | Te 

I) h ſhores on the water-ſide are to be ſhaded with diſtilled verdigriſe; 
= xhe breadth of the tint about 4 inch, and laid on at twice; for the firſt 
= tint, about half water and half colour, laid cloſe to the ſhore, and the wa- 
ter · ſide margin waſhed ; the ſecond tint of verdigriſe only, narrower than 


. 
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the former, laid cloſe to the ſhore, and not waſhed, | 


N Sands, dry at low water, to be covered prey thick with fine black 
points (ſee figures 12, 16, 18, 20, in Plate IX.) the ſand coloured with 
b and the borders on the water- ſide ſhaded with verdigriſe waſned — 
or ſoftened. | 3 | „„ pared ons, _ 
== - - The plans of buildings on the land to be coloured with a light tint 
of carmine, and the limit, on the inſide, touched round with a deeper 
" Freſh waters to be expreſſed by a colour of half verdigriſe and half fair 
Vater, ſhaded with a light tint of indigo; or with a tint of indigo alone, | 
= of a light {ky-colour, interſperſed with fine ſtreaks of white. g 
= Green colours of various tints may be made with ſap-green, yellow 
and blue rubbed together, with a pencil-full of verdigriſe among them; 
and with ſuch colours woods and graſs lands may be expreſſed, when 
. in with trees, buſhes, and little irregular daſhes with In- 
Arahle or-ploughed land is expreſſed by covering the ſpot in the draw- 
ing with a kind of broken parallel lines, done by a hair pencil dipt in a 
brown or clay colour. ; | F 1 


— 


Muddy ſhores at low- water are ſhewn by laying on a middling tint of 
Indian ink, and laying over that a tint of light verdigriſe. 
The drawing and colouring of rocky ſhores, ſteep banks, hills, marſh 
ground, and the manner of breaking the ground in plans, c. are be 
gained from examining a coloured plan done by a proper proficient ; but 
where that is wanting, a pretty good taſte may be gained by conſulting 
2 plans and views, ſuch as are in Lord Anſon's voyage round the 
Oorlid. | R | 1 = NL e eee 
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Sea-draughts taken according to the preceding precepts, and neatly 
drawn and coloured, beſides the real uſe they may be of, cannot fail to 
kreoecommend the young mariner, who ſurveys and conſtructs them, to the 


notice of his ſuperiors. „„ ety ob 


)) TION IX, nfs 
To eftimate. Diſtances. 
)) Re 
+_  Befides the method of finding the diſtances of remote objects by trigo- 
nometrical computations, there are two other means which may be ufe- 
+ fully applied when the former cannot; and theſe are, the motion of ſound, 
| andthe exrvatwe of the earth, l. 
58. Py | 8 f the Motion of Sound. | ; 


MP is a well known obſervation, that the noiſe or fond ariſing frotf 
any blow or ſhock, made at a diſtance, is always heard ſome time after 


the ſtroke is ſeen, or known to be given; and hence it is generally con- 


cluded, that the ſeeing of any act done within view is inſtantaneous, but 
that ſound travels at a perceptible rackhgmme. 
Some of the moſt eminent philoſophers, Judging that the knowledge of 
 _ the flight of ſound os. be of uſe on various occaſions, have been at 
8 extraordinary pains and expence to meaſure the rate at which it moved; 
and the reſult of their experiments, particularly of thoſe which were beſt 
conducted, is as follows. ; | R 5 55 


Ĩſt. That the velocity of ſound is the ſame, whether by ſea or by = 
| 2 in dry or in rainy weather, by day or by night, in winter or Wl 
Jjummerx. | | | 8 : 


__ 24.” That ſound, whether more or lefs ſtrong, flies with the fame fwift- 
neſs. . For, by regs a cannon fired with a half-pound charge of 
powder was heard at about the diftance of x7 f miles in the ſame time 
after the Haſh was ſeen, as it was when fired with a charge of 61b. 
3d. That the, times in which ſound is heard are proportional to the 
diſtance ; that is, at a double diſtance it is heard in twice the time; at a 
triple diſtance in thrice the time, &c, 5 5 
Ath. That ſound flies quicker or flower by juſt the velocity of the 
wind, according as it blows with or againſt the motion of the ſound. 


Sth. That ſound travels at the rate of about 1142 feet, or 380 yards 


in one ſecond of time; fo that 5 
Sound moves in 1 ſecond, 1142 feet, or 380 yards. 


I minute 22840 yards, or about 13 miles. 


Which is about a miles in 4,6 ſeconds, or about a league in 14 ſeconds, 
But ſea miles are to land miles nearly as 7 to 6. (V. 73.) 
Therefore ſound runs a ſea league in about 12 ſeconds of time. . 

It is a common obſervation, that perſons in good health have about 75 
pulſations, or beats, of the artery at the wriſt ina minute. | 


— 4 
N i 


30. There⸗ 


4 wh, hy G5. 
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39. T herefore in 75 pulſations ſound flies about 13 land miles, and 
about 11 5 ſea miles; which is about one land mile in fox pulſes, and 
About one ſea mile in near ſeven pulſes, or a league in 20 pulſes. . 
1 And hence the diſtance of objects may be found, by knowing the time 
= which ſound takes to move from thaſe objects to an obſerver. 5 85 
xa urrk. Upon ſeeing the flaſh of a gun at ſea, I counted 56 beats of 
_ : pulſe at my wriſt before I heard the report: How far was that gun 
No 56 divided by 20 gives 2,8 leagues, or about eight miles, 


9 


4 60. To find the Courſe ſteered by a Ship ſeen at a diſtance. th 


| £ pps. © . 5 6 * 
A ſhip lying to (at o,) may diſcover the courſe (Ac,) which a veſſel 
ſeen at a diſtance is going on; by dn at two known intervals of time, 
= three bearings (os, oT, ov) of that veſſel; thus: N 
la a line rox, drawn at right angles to 
the middle bearing or, take or, OR, as 
the given intervals of time, in minutes, 

taken from any ſcale of equal parts; and 
RE through v, R, draw lines parallel to or, 
cutting os, OV, in A, c. 


® % 


» © 


A 2 þ N | * 1 | | * 3 ” 4 
Ihen a right line drawn through A and iR N 4 
oc, cutting or in B, will ſhew the poſition, adrett. p 
or the courſe; that veſſel was failing. 


== For drawing ca parallel to xP, and cutting PA, os, in a, ö; then 


ID, * 
7 £2.23 Rs » 


625, bc, equal to Po, ok, are as the times; and fo are the lines as, Bc, 
by ſimilar triangles. _ ' 3 e 
Although by this method the apparent courſe may be determined, and 
alſo the relative diſtances at any propoſed times; and among others, the 
W neareſt or leaſt diſtance; yet the abſolute diſtances are not hence to be 
found; and if the obſerving ſhip ſhould change its place in the mean 
time, the polition of Ac will become uncertain. a „ 


66. O the Curvature of the Earth. 


8 | Moſt perſons know, that if they are raiſed above the ſurface of the ad- 
cent land or water, they can fee not only diſtant objects that lie on that 
fſurface better, but alſo ſee thoſe which are more and more remote, as 
they advance higher. The irregularity of the ſurface of the land will 
not be ſubjected to any one rule, that will give the diſtance to which 
objects may be ſeen at different elevations; but at ſea, Where there 
is generally an uniform curvature of the ſurface of the water, the ſphe- 
rial figure of the Earth being admitted, thoſe diſtances may be eaſily 

= computed. %... 146-5044 5 
652. Let (ſee fig. 12. Pl. XIV.) the eye at E be raiſed the height Es 
above the ſurface s of the water; then it will ſee an object at F on the 
1 ſurface, in the tangent /, which is the diſtance of that object from 
28 1 n 1 f Now 


— 
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Now in the triangle E Cc, right angled at 1 there are known the 
y fide cf=ſemidiameter of the Earth, and the fide c equal to the ſe- 
. midiameter Cs increaſed by sn the height of the eye: to find the tan- 

1 Z4/ITSFSE SE. 1 


That is, To the Earth's diameter add the height of the eye, multiply the 
ſum by that height ; then the ſquare root of the product is the diftance, at 
which an object on the ſurface of the water can be ſeen by an eye ſo elevated. 


And by this Rule was the table at Article 65 computed, the diameter 
of the Earth being taken at 41798117 feet, according to Sir Iſaac New- 
ton's numbers. Ro eee RAT ot RS 1 BY 
This table may be uſefully applied to eſtimate the diſtance of an object 

at ſea, the elevation of that object above its horizon being knoẽwu n. 


_ ExamyeLEt I. Sailing towards a headland, on which is a lighthouſe, e1:- 
wated 600 feet above the ſurface of the water, we ſaw the lights at night j,: 
_ appearing in the horizon : How far were we at that time diftant from th: 

Bghthouſe? _ FA . e 


Seek in the table at Article bs for 600 feet in the column ſigned 
8 height in feet, and right againſt it, in the column ſigned diftance in miles, 
," Rands 29,994; fo that the diſtance may be reckoned about 30 miles, 


PEERS ExAurTx II. Being walking on a ſandy beach, in company with. ſon: 
merchants who were looking out for a veſſel which was then expected, and 
whoſe top-gallant maſt was 140 feet above the ſurface of the water, we o- 
ferved, with a teleſcope, a ſhip's wane juſt appearing in the horizon : How 
far off was that ſhip, ſuppoſing it the veſſel expetied? 
AnsweR. Againſt 140 feet, the height, ſtands 14,448; that is, her 
% AA BS 


— * 


63. Here is no allowance made for the height of the eye above the 
horizon; but it is obvious, that the higher the eye, the farther it can ſee. 
Now as objects are ſeen in a 3 line, and that line is a tangent to 

the earth's ſurface; therefore it follows, that to find the diſtance of tur 
elevated objects, when the right line joining them touches the ſurface of the 

Earth, between thoſe objects ſeek the diſtance anfwering to each height, ani 

the ſum is the diftance ſought. M | . 3 


Thus in Example II. ſuppoſe the eye is raiſed ſix feet above the vaters 
edge, it can ſee an object on the ſurface 2, 999, or three miles off; thi: ems 
diltance being added to the 144 miles, makes the diſtance of the ſhip t? ues 


* 


Exau- 
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EXAMPLE III. A man being on the main-top-gallant maſt of a man of 


war, 200 feet above the water, ſees a 100 gun ſhip ſhe had engaged the day 
before, hull to: How far were thoſe ſhips diſtant ? | 


A ſhip of 100 guns, or a firſt rate man of war, is about 60 feet froth 
the keel to the rails ; from which deduct about 20 feet for the draught of 
water, leaves 40 feet for the height of her 33 above water: now a 
ſhip is ſeen hull to, when her upper works juſt diſappear. 5 


Then 200 feet high give 17,316 miles. 
N Their ſum, which is | 5 25,060 miles, is their diſtance. , 
64. It might perhaps hereafter be found uſeful to mariners, could a 


XX liſt of the moſt conſiderable lighthouſes, and other elevated objects in dif- 
IS ferent parts of the world, be obtained, together with their heights above 
the water, For as ſome of theſe objects are ſo high as to be 2 the 
SE diſtance of 30 or 40 miles, and even more; and as their diſtances upon 
= - being firft ſeen could be known near enough by the table at Art. 65. 
— were their heights known; therefore ſuch a lift might, on ſeveral occa- 
fions, not only give much ſatisfaction to a ſeaman, but even become of 
reat uſe to know his diſtance from thoſe objects, as he could thereby 
know how to increaſe or ſlacken fail in order to fave his tide, or other 
emergency; alſo he would know better how to lay down the diſtances of 
rocks or ſhoals that lie off a coaſt, &c. But as ſuch a liſt is nat eaſy to 
be came at, unleſs ſkilful mariners would be at the trouble of procuring 
ſuch as occured to them in their voyages, and on their return commu- 
nicate them to ſome public body ; therefore the curious in thoſe matters 
muſt be contented at preſent with what is here already ſaid, *_ 
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Height Diſt. in |] [Ditt. in 2 Diſt. in Height Diſt. in 
in feet | miles. ||i miles. in feet miles. in feet | miles. if 
8,914 18,969 760 33,756 22 50 58,083 . 
5 19% 20 280 34,19 2300 38,75 
59 9405 19, 360 800 34,633 2350 69,30 
62 9,641 19,5530 320 | 35,063 2400 69,988 
65 | .9,872 19,7430 840 35,488 2450 | 60,609] 
68 | 10,097] 19,932 860 359908, 2500 | 61,225 
71 | 10,317} 20,119 880 36,3230 2550 | 61,834 
74 10, 533 20,305 goo 36, 734 2600 62,437 
77 | 10,745 20,489 920 | 37,140] 2650 | 63, 035 
80 10,952 20,671 940 | 37,541 2700 63,626 | 
83] 11,156|| 290 20,851) 960 37,9380 2750. 
86 | 11,355 21,030 98038, 332 -2800 
89 11, 552 21, 208 1000 38,721 2850 
92 11,7450“ 21,558 1030 39297 2900 
95. 282 212283859 | 39,866|| 2950 | 66, 
98 | 12,124 2,243 1090 40, 426 3000 
10112, 306 225780 1120 f 40, 978 3050 
104 |. 12,487 22,907 115041, 524 3100 
107 | 12,666 23,232 1180 42,62 3150 
110 12,842 23,553} 3%10 | 42593“ 3200 
113 | 13,046 23,869 1240 | 43,118 3250 
116 13,188 2451810 1270 43,6360 3 3300 
119 | 139357 24,489 1300 44, 49 3350 
122 | 13,525 24,793 133044, 655 3400 
125 13.690 252094 134186 3450 
128 13,853 25539101390 4568 3500 | 
131 14,015 25,684 142046, 141 3550 
134 14,74 25,974 145046, 629 3600 
137 | 144332 26,2610 14%0 {| 47, 106 3650 
140 14748 80 2,8481819 42:88 3700 
143 14,642 26,826 1540 48,052 3750 
146 14,795 27,104 157048, 517 3800 
150 14,995 272379 1600 48,979 38 50 
155 15,244 27,652 1630 49,436 390 
160 | 15,458 2779221660 49,889 2950 
265 (15,728 28,189 1690 50, 338 4000 | 
170 9 5,965 28,454 172050, 782 4050 
175 16, 198 28,716 1750 | 51,223] 4100 
180 | 16,427 928,976 1780 | 51,661 4150 
188 16754 2922331812094 42 
199 | 16,878 29,489 1840 | 52,524 4250 
195 | 17,098 295741870 52,95 4300 
200 | 17,316 29,994] 1900 | 53,374} 4350 
205 | 17,531 30,489 1930 | 53,793 4400 
210 | 17,744 30,976 1960 | 54,210 4450 
215... 1172955 | 3145711: 2900 84761 4500 
220 18,152 31,930 2050 | 55,441 4550 
225 18,365 32,396 2100 56,113 4600 
239 | 18,569 32,855 2150 | 56,777 4650 
235. | 189770 | 33-3000 $200 "4700 | 
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66, A TRAVERSE TABLE 
To every Point and Quarter Point of the 
Compass or Horizon: | 
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82 TRAVERSE TABLE, 66. 
. 5 o Point 1 Point 
e ee e e HM 1 
Lat. | Dep. Lat.] Dep. Lat. | Dep. Lat. | Dep. || Lat. Dep. | Lat. 
1} 1,00] 0,05] 0,99 o, 15 0,98] o, 200 0,97 9524 0,96 
2] 2,00| o, 10 1,99 0,291} 1,96 , 39 1,94 0,49 135 
313,0] O,15] 2,99 O, A 2294] 0559]] 2,91] 0,73] 2,87 
4,00| 0,20] 3,98 , 59 3»92| 0,78 3,880 0,97] 3,83 
5] 4:99] 0,25] 4,98 0,781] 492 9,98] 4,850 1,21] 4,78 
»99 0,29 8527 0,88 55 9 1517 5,82 1,46 $274 
99 0,34] 6,97 15, 6,87 1,37}|-6,79| 1,70] 6,70] 2 
$ 7,99 0,39 7,96 „17 785] 1,56|| 7, 76 1,94] 7,66 
8,99 © 8,96 1,32 8,83 1,76 8,73] 2,19] 8, 6 
9,99| 0,49 9,95 1422-81 125 9.70| 2:43] 9+57| 2,90] 9,42 
110, 99 0, 54010, 9 5 1761 10,79 2,15 10, 67 2,6710, 5 2191,36 
11,99 o, 5911,94 7] 1,76111,77} 2,3411, 64 2 9211,48 3,4811, 30 
: 12,98| 0,64412,94 159112, 75 2,54||32,61/-3,16;12,44| 357 1 
13,98 0, 6913,93 2,0513730 2,7313, 58 3,4013, 40 4, 06013, 1 
514,98 0, 74/14, 93 2520 17.1. 2,9314, 55 304114435} 4,314, 12 
1601 5,980 0, 791 5, 92 25,35 5,69 3,1215, 52 3,8915, 31 46411 5,06 
1716,98 0,84 16,92 2,4946, 67% 3,32 16,49 4,1316, 27 4,9316, 01 
1817,98 0, 8877,91 2,64/[17,65} 3,51 17,40 437 17,22 3 35 
1918.98] 0, 9 318, 91 2,79 18,64 3,7118, 4,2078, 18 117, 
20[19,98| 0,98[19,900 2,9319, 62 3.90[|[19,40| 4.86079, 14 1 83 6 
21 25 1,0 3I20, 90 35080, 600 4, 1020, 37 5, 100, 10 6,1 
4 22 1,97 3.231,58 4,291, 3453 5½ 1,0 6,390, 71 
232,97 2,2 522,75 3,372,560 4,49 22,31 5,592, 01 6, 682 1,65 
2412397 235123274] 3,52 3,54 4,823,280 5,83122,97| 6,97; 60 
2924,97 2,454,730 3,674, 52 4, 8824, 25 6, 73,9 7, 263, 54 
(262 5:97 2,5 5572 3,8106, 500 5,025, 220 6,32124,58| 7,552 
276,97 2,626,710 3,9626, 48 $947 26,19 6.56 5,84 7, 
2827,97 2,7422, 0 4, 117, 46 5,4627, 160 6,80j26,79| 8,1 326, 36 | 
29 28,97 25, 8428,69 4,2 5/8, 44 5,6628, 13 750 ff, 75 8, 42422, 300 9,7726, 79 11, 1029 
30429796 2594926 4,409, 42 8,8 5 29,10 7,29j28,71| 8.71028, 2510, 117,217, 4830 
3130, 96 3:04139-06| 4,5530, 410 6, os 30, 7 7,539, 66 9,00129, 19,10, 448,64 11,8631 
13231,96 3,143 1,65 4,7031, 39] 6,2431, 4 7,7730, 620 9,2 30, 13 10,7829, 5612, 232 
3332,96 352332 % 42841[32+37] 6, 44 32, 01 8.0231, 580 9,53}31,07/11,121130,49{12,63133 
3403396 353333630 4,9933,35 6,63 32,98 8,2632,54/ 9,87132,01|11445j31,47| 13,0134 
3,4363462 5, 1434,33 6,83 33,95 355 334910, 1032,95 11,7932, 3413,39 
35335101] 5,28038,31 7,024,928, 7 534,450, 433,962, 13033,2603,7803 
3,63036,60 5,4 336,29 7, 2236,89 8, 9903 5,4710, 74034, 84 12, 4834, 1814,16 
3»72137»59] 59581137527] 7.41/36, 86 9,2 336,361, 3,7812, 8035, 11114, 54038 
3,82038,58 5,7238, 25 7,6 137,83 944537, 32 1,3236, 72 13,1436, 0314,92 39 
3+92139» $7] 5$+871[39,23| .7,80|[3$,80| 9,72[33,28/11,61137,66 13,48 36,96 154 31Þt|F 
2,01140,80] 402140, 56| 6,02140,21| 8,co||39,77) 9,9639, 23 11, 90038, 60 13.813785 1576941 
2, 06041, 80] 4,141, 54 6, 1604 7,79 8, 19040, 740, 204, 19}12319139, 54114915 38,8015, 0742 
2,11142,79| 4,212, 53 6, 3142, 17 8, 3947,71 ang {ah 12,48 14,49 39,7316, 4563 
2,16 43,79 4,3143, 52 6.4643, 16 8,58 42,68 10, 11 14,83 40,65 16, 844. 
2,2 144,78] 4,4147510 6,6044, 14 8,78 4376 5 20,9 3,06 15,1041, 57 17, 2285 
2520 5,780 4,5145, 500 6,75 2870 8,97 44,62 11844, oa 185 42, 5017, c 
2731 40,77 4,61 46,49 6,904 510 917 45,5911 5 2515783043,42/ 17,9947 
23014777] 4570147»48| 7,04 17.08 9371149, 56/11, 45:93 16,171144935 18,37]*| 
2:41148,76] 4,8048, 4 7,19148,06| 9, 5649, 53/11,91/46,89 6,1416, 5145,27 18,7 fas 
2:4 5149-76] 4+9949-40| 2,3449, 04 9,79 48, 5012, 14785 16,8445,1919, 73 
4 2,5059, 5] 50050, 45 7,4850, oz] 9,9549, 47 12, 3948, 80 17,184,139, 52051 
94 2259151275 515544 70315100) 10, 1 5 50, 4412, 6349,76 2 48,0419, 90052 
25,6 52,74 5˙19 52,43 7,7805198, 10, 34 51,4112, 88 50, 72 5,3849, 90 17,86 43,97 20,23153 
2,653.74 529153241] 7592||52396| 10, 54/|52,33|13,12151,67 18, gers 18,19 495892056 54 
257054,73 5.39 54,40 8,07 53794/10,73 53,3513, 3652, 63/1 18.264775 18˙85 50,81121,05155 
275155373] 5495539 8,2254,92 10,9 54.32 13,6 153,59 295273 18,8751,7421, 43156 
2,8056, 72 3575 56,38 8,36 55591011, 1255,29 1358 5054,55 16, 453,67 19,2052, 6621,8 1157 
2,857.72 5,68 57,37 8, 51056, 89 11,3156, 2614, 0905 6, 5016, 454,619, 5453,92, 2 58 
1 0 58,72 5» 8.58, 36 8,6657,8711,5157,23 14,34150,45 177135 555019,88 54,5122, 5 59 | 
20 5159»71] 5» _5-83'59,35 8,80 53,85 11,71 $$,20114,58'57,42 174250,49 14912092 3115544 22,96,00 
Lat. Dep. Lat. | | Dep. Lat. | Dep. Lat. Dep. | Lat. Dep. Lat. i Dep, Lat. Dep. Lt. |S 
e 0:1 $ Ee 
7 Points 6 Points | W 


| | 


Io 


. g: ]˙ ²b re en — v ¼ 


— — — 


1 Point : 2 Points. [ 
- I} | 
e e e e 2-1-0. 
it. | Dep || Lat. Der. Lat. Dep.] Lat. Dep. Lat. | Dep.“ 
8983 1909,17 14452158, 3717,71157,4 20,55 $6,36[2.3,34] 61 
61,93 150,81/12,091/60, 14 15, 0659, 3318, 058, 3820, 8957,28 3,730 62 
83 62,92 61,7912, 2961, 7 11 5531 60, 29 18,2959, 32 21,2258, 21 24,11 63 
64 63,9 62,7712, 4862,08 15, 5 561, 2418, 58060, 2621, 5659, 1324, 49 64 
5 64,92 63,75 12, 6863,05 15,7962, 20 18, 8761, 202 1, 9060, 05 24, 87] 65 
66 65,92 64, 731, 8864, O2 16, o4ſ6 3, 1619, 16062, 1422, 23060, 98 2 5,26] 66 
67 66,92 9,836 5,7113, 764, 99 16, 2864, 1119, 45063, 08 22, 57061, 902 5,64] 67 
63] 67,92 866, 69.13, 2765,96 16, 526 5,07 19,7 64,02 2,91 62,8226, oa] 68 
69 68, 92 167,67 13,4666, 93 16,7766, o3 20, 0364, 97 23,2463, 75 26,40 690 
69,92 68,66 13,666, 90 17, 866, 99.0, 3a 5,9 13, 58064, 676,79 E 
69, 641 3, 8 5 68,87 17,2 567, 94 20, 61066, 8 5 23,926 5,6027, 17 71 
70, 6214, 05 69,84 17,4968, 9020, 90067, 79 24,26 6,52 27,55 72 
71, 6014, 240, 8117, 74069, 860 1, 198, 7324, 5967, 4427,94 73 
72, 580/14, 4471,78 17,98, 8121, 4869, 67 24493168,37/28, 32 74 
73,56 14,6372, 75 18, 2271,77 1,770, 62 2 5, 2769, 2928, 700 75 
5 74,5414, 83 73,72 18,47 72,73 22,0671, 56 25,60, 7,219, 08 76 
75˙52 15,0274, 69 18,717 3, 68022, 3572,50 5,9471, 1429,47“ 77 
76, 5015, 22 75.6618, 9574,64 22, 64% 3,442 6, 282, 0629,85 78 
77.4815, 41½%6, 6319, 2075, 60022, 93/74, 3826, 6172, 9930, 23 79 
79413/11,74178,46/15,61|77,60|19,44]76, 55/2 3222 23226, 3913,61] 80 
7,9480, 12 11,88 ½79, 441 5, 8078, 5719, 6877, 5123,5176, 27 27,29 74,83 31, 0 81 
os 1, 1112,03 80, 43 16, 009, 5419, 9278, 47 3,8077, 127, 62% 5,7631, 38] 82 
8, 71482, 1012,18 81,4116, 19 80, 5 1 20, 1779, 43.24, 0978, 157,966, 68 31,76] 83 
8,23 23909 12, 32 82, 39 16, 39 87, 48 20, 4180, 3824, 38]7 9,09 28,30 77,61 325,14 84 
8,3384, 08 12,4783, 3716, 58 82, 45 20, 658 1, 3424, 6780, oz 28,6378, 53 32, 530 85 
854355 5,0712, 6284, 35 16, 78 83, 42 20,9082, 3024, 9680, 978,97 79, 48 32,9] 8% 
| 8,5 3886,06 12,768, 3316,97 84,39 21,148 3,25 5,2108 191029, 3180, 38 33,29 87 
8 8,5308 7,05 12,9186, 31 17,1785, 3621, 38884, 21 5, 54082, 8629,65 81, 3033,67 88 
8 4537 $,72138,04 13,06||37,29|17,361186,33/21,62j8 5, 17/25, 83083, 8029,98 82, 23 34, 06 89 
9 242489757 8828970213, 2188,27 17,5687, 30|21,$7]$6, 12/26, 12184, 74/30, 32|$3,15/34+44] 90 
9 447199, 560 8, 920, 0113, 35 89, 25 1,7 588, 272, 26,4118 8,68 30, 6084,07 34,8 91 
4+ 529 1, 56 9, 0291, oc 13, 5090, 23 17,9589, 24 26,70 86,62 zo, 99 85,0 35721 9• 
4,5692, 55 9,12 1,99 13,651, 2118, 1490, 212. 027, 0 $7130 31133 [95292 355591 93 
890 4, 6 13, 55 9,2 192,98 13,7992, 19 18, 3491,18 27,2988, 51031,67 86,8 5035,97 94 
4,6694, 54 9,3193,97/13,94 3,1818, 54 92,15 27,5889, 45 32, 087,77 36,3595 
4,715, 54 9,414,964, 0941618, 7393, 12 27,870, 3932, 3488,69 36,74 96 
725,53 9.51195:95114,23195141 18,921 94,09 $2/28,16/91,3322368|39,62/37,12] 97 
481197,53| 9,6196, 9414, 3896, 1219, 1295,06 28,4502, 7 33,190, 5437750 98 
486198, 52 9,7c[97593|1 453977019, 3196, 03 25,743.21033,35 1,462,899 
229,52 9,808,920 14,67 98,08 197197700 69/29-23194+1 513 3:09 222223822 
_ [101110049 | 4,9600, 5 9,90199,91[14,82[99,06/19,70|97,97 29,320 5, 10 34,033, 3138,60 
101,9 5, oo, 510, oft oo, 9 14, 97 100, 019, 90 98,94 29,6196, 04 34, 36 94, 24 39,03 102 
1031102,9 | 5,ogſioz, 510, 100101, 9 16, 11 101, 020, 0999, 9 29,9096, 9834,70 95916,39,42 03 
1040 03,9 5,1003, 5 15,6102, o 20, 29100, 9 30, 1997.920354 96, 08 39, 80 £04 
to51104,9 | 515110445 15410103, 00, 480101, 9 30, 488, 8635,37 97,014 18005 
106 05,9 5,2 0103, 5 15,55 104, 20, 680102, 8 30,799, 8035, 17,9340, 56 0⁰ 
026,9 5,2106, 5 15,0104, 9,20, 88103, 8 31,0600, 736,5 98, 86 40,957 
11108[107,9 5, 300107, 5 15,85 105,9 21,0% fo4, 8 31,351101,7 36,38199,75 41933 108 
_ Jrogfto8;9 5, 38108, 5 15,9905, 921,27 105,7 31,641102,6|36,72|100,7:41,7 09 
Jr roft0949 | 5,4009, 5 16,14|107,9/21,46||106,7 31,931103,6137,06|101,6/42,09 110) L 
If 10,9 545/110, 5 16,29 108, 9 21,6610), 26, 97/106, 2 32, 22104, f 37,39 102, 642, 48] 11 
112111,9 550111, 5 8016.430109, 82 1,8 5108, 627, 21107, 2 32,510105, 5 3773103, 542, 86 5 
113 12,9 5,5112, 5 16,58 110, 822, 05109, 627, 460108, 1 32, 800106, 438, 07104, 443,24] 113 
1141 13,9 5,591 13,5 16,730 111,822, 24110, 627, 70009, 133, 9107, 338,41 105,34363 115 
I151114,9 | $5,641 14,4 16,87 112, 822, 44 11, 67, 941 10,033, 380108, 338,74 d Aer 115 
1161 15,9 | 5,69] 15,4 17,0113, 822, 6301 12, 528, 1801 11,0033, 67109, 2 39,8107, 244, 39116 
1171 16,9 | 5,741116,4 17,1714, 8 22, 831 13, 528, 4301 12, 03 3,96% 10, 39,4208, 144,771 17 
118, 12,9 5,791 12,41 17.310115, 7/23, 02114, 528, 67 12,934, 25017, 139,7 5109, 5,160 118 
119 118,9 3,8401 18,4% 17,46 116,73, 22 1548,97 113,934, 541 12, 040, og 109, 94 5, 541 29 
 Yr26ji19,9'}. 5,39Þ rg, 17,6111, 23, 410t 16, 429, 16 11483483 113.0040, 43 110,4 5, 9 [r20 
f 1 Dep. | Lat. | Dep. | Lat. | Dep. Lat. | Dep. Lat. || Dep. | Lat. Dep. | Lat. | Dep. | Lat. Dep. | Lat. 'S | 
; . * x X — — ( 
112 2 2 | 4 | O I 2 | 7 Fm: BILLS 
I 7 Points „ ee 8 


L E, 66. 


TRAVERSE TAB 


— — — 


| 


['S 2 Points 3 Points 4 Points |S] 
+5 . ——————— — 51 
| > N 2 2 E | 
| | . Lat. 11 | Dep. Lat. | Dep. Lat. | Dep | Lat. Dep. Lat. . | 
1 85 5,51 0, 83 0, 56 o, 80 0,6 , 74 0,67 0,71 | 
| I 1,03 1,6 1511 1,61 152 1,48 1534 1,41 | 
| 1,54) 2,49] 1,6 2, 41 1,90 2,22 2,01] 2,12 
43.62 2,06 3,33 2, 22 3,21 2,54] 2,96 2,69 2,83 
| 4+5% 2,57 4410} 2,78 4402 60 $217] 3,70 35360 3453 
5342 308 4:99] 3-33 4,82 3,810 4:45] 4, 4424 
| 6.33 3,60 5,32] 3,89 5,62 4+70 ** 
ö 7323 4,11) 6,6 4744 543 a 57371 15 
| 8,14 4,63 7448] 5, 0 723 6,04 6, 36 
29 9:04]. 5,14 8, 32 5. 56 8,03] 6,72] 7»07| The / 
[11] 9:94 5,650 9,15| 6, 11 8,83 2739 7378 
1210,85 2 6,17 9,98] 6,67 9,64 8,06 8,49 
1 311 157 6} 6, 1311, 15 6,6810, 81 7,2210, 44 38,73 9,19 
14126 6,6012, 01 7, 2011,64 7,781 1,24 9740 999 
1913, 56 707112437] 7,7 10a, 47 8, 3312, 5 e ag 
1641 4,46 725411373; 8,2 13, 30 8, 8912, 8 5 10,75/11,3 111,31 16 
1241537 8, ir, 58 8,7414, 13 9,4513,65 11,4212, 02 
1816,27 8,481 5, 44] 9, 25 14,9610, oo 1446] 12,0912, 7312,73 18 
1917,18 8,9 J 16, 30] 9,7716, 80,10, 56/1 5,26 12,76\13,43/1343 "9 
2018,08 64] 9:4 3UT7, 15/10, 28 15,63 11512 16,06 12,6914, 82 13.4314, 1414, 14420 
2118,98 9,9018, 0110, 300 17,4 6011,67 16, 87 13,321 5,5614, 10014, 8 514,8 51 
10, 3718,81, 31018, 2912,22 17,67 13,9 16,30 14,7716, 561, 56622 
8.10, 8419,73 1,8219, 7212,78 18,47 14, 591,041, 4516, 2616, 26023 
124 , I1,31120,59112,34f19,9 13,34 19,28 1522 17,78 16,12 16,97 16,97 24 
2,60 11,78 E 1, 44/12, 8520, 78013, 89 20,08 185 18, 5216,79 17,6817, 6802 5 
2023,50 12,2 52, 30013, 3721, 61014, 45 20,88 16,4919, 2617, 46078, 3818, 38026 
(2712441 8112,23, 1601 3,88022, 45/16, o0ſ 1, 68 17, 120, 01018, 13019, 0919,09 
282 5,31 13,2024, 0214, 3923, 2815, 5622,49 41717900575 18,8119, 8079, 80 
2920,21 13,6924,8 84,9124, 116, 12 3,29 18, 39f 1,49 19,4820, 5½0, 51 
30712 8 14214 25573 15,424,416, 67%½4, 10 19,03 z2, 2320,15/ 21,2121, 21 
31 8502 14,616, 591 5,945,780 17,22 24, 90 18,462 3,9619, 67%½2, 9720, 82 * e 
| 3225-93 I5,0912.7,4 5]10,45126,61|17,78||2 5,70, 19,00[24,74/20, 301237112 1,49 22, 632, 3 4 
3329,83 15,862 8, 3116,95 7,4418, 3426, 5179,66. 5,5120, 934.4522, 1623,33 3,3333 
13430, 73 1650 9, 167,48 8,2718, 89% 7,3120, 2 96, 280 1,57% 5,1922, 8324044, 04034 
3931,64 16,5130, 27,9929, 1019,48, 1120, 8 27,0% 2,2 1% 593/23, 5112447 5/2447 5135 
3632,54 16,0830, 8818, 5129,93 20, 00% 8, 91½ 1,4 2 832,846.67 24,182,468, 4636 
13283˙45 17,431, 4/19, 30, 7620, 569,722, og4ſ.8, 60% 3, 477, 4224,85 26,626,137 
331343 12.9203, 609, 5303 1, 5902 1, 1230, 52 2, 649, 37/24 1028, 16. 5,52126,87126,87 38 
3913 5-2 18,39133+45]20,05132,42/21,67]31, 32½ 3, 2330, 154, 74% 8,9026, 19 27 $2/27958 39 
40 36,16 8018,86 Cathal 33,2622, 2232 13/2 3,8 3]30»92 257389, 6426, 8602 — i ot 
4137.0 834, 092, 7832,93 4,4231, 69 26,1030, 3822,53 28,998, 99 4 
4237˙97 64,920 3734337 35,0232, 475.64 2852129, 7 09, Jcft⸗ 
3.8 355 23,8934, 542 5,6 33,247,280 1.8628, 8830,41 30,41 724 
[3 »58124+4 51135, 34/2652 134,012,912, 60029, 55031, 1131,11 4⁴ 
37,410 6, 0036, 14% 6, 8234, 78028, 5 33,3430, 22 31,8231, 8215 
38,24, 5, 56036, 9 57,4 1035, 56029, 18034, 08,30, 8932,53 32, 53 
390802612 37,7 58,0136, 339,8 14,8231, 57 33,2333, 217 
8 2 74 38,5 28,6137, 1030, 453 5» 57432+24; 33,94 33,9 f 
(140, 7412752 3039» 309,20137,3832,05136,31132,91134,05/34:651t9. 
$:70141, 57127, 781140, 16129,79138,65,31»72137-05/33»58 35>35135» 35152; 
542 4, 40028, 34 40, 9630, 33139,42132+35137»79|34+25136,06136,0615 1, 
„7343, 2328,89 47,77 32,9913, 53/34+92| 3647713047 72 
7525144+07/29,45|42957 33:02139427/35»59 32.283855 53 
44, 90030, oo 43137 34+26140,01 36,27138,18 8,1854 
[+573 30, 56044, 1 3489 40, 75 36, 9438, 89.38, 8 55 
5637,12044,98 355524 1,49 37,61 39,66 39, 60 
57 42393 1, 6745,79 6036, 1642,23 38,28 40, 3040, 30057 
58 9,759,828, 2232,23 40,58 36,79 42,9838, 47,041, 1058 
3953,33 52252, 03% 2,850, 61030, 33 432,78 47,39 37+43[43»72139: 6314157214129 2159! 
| 60] :4+2412.5,65152:92128,2$j51,46130,85|149,89[33-23 48,19 8,38, 064446040, 29 42,4342, 
| & Dep { Lat. | Dep. | Lat. Dep.] Lat. | Dep | Tat. Dep. Lat. Dep. Lat. Dep Lat. 2 
{WELD WE; e e ee e $51: 1: $2318 
+ 5 Points U 4 Points 7 7 
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I 4" Points [&'7% 


bl] * 2 Points | 3 Points 
r 4 „ 
at. Dep. Lat. Dep. Lat. | Dep.] Lat. Dep.] Lat. Dep.] Lat. 5 [Lat. La. | Dep. 
| 63155274 8,7 $2+32131+36 30,72133$9149,00136,34]47» 15038, 705,0 43,134313 
68J29, 22053, 803 1,8751, 5034,45/49, 803 6,9 3047,93 10 5194 143»54]4 3,54 
29,7054, 432,9 52,3835, 0 55, 6037,53 48,7003 29.900 , 6 44» 535144455] © 
3051154499 3229<153,21135,56;51,40135,1 3149471400014 7142 $512 34552 5 
30, 6405 5,7 413342541041 30,11152,21138,72150,2514 132.4148, 1614320514 5,9604 5,96 
31,1166, 113 3,93! 54,87 36567 53,0039, 3] 7, 02 41,8748, 90 33 46,67146,67) 
913 1>5$157,47134-44]5 557 113752 3} 5348113949215 1, 79 4a, S049, 64 4735147»33 
32051583 3[34»96| 56, 54 37,78 54: 624404511522 364331315023 46,8048, 08 
32, 5259,93 5>47157+37|3S e 353443, 7757,13 48, 7004 8,79, 
33,00160,04]3 299 88,298,891 56,2214 1,754» 1114444115 157147301149, 5049, 50 
33+47j00,9<[36,5159,03/39,4515703 $2129 deere 52,6104, 68 50, 20.50, 20 
5708030, 7 13,9406 1,7637, 01059,87 40, 005), 83, 8955,66 5,6753, 3 48,3550, 9750,91 
73 55˙9903 1,21 34, 4152, 6237, 5 360, 70040, 5658, 6343,49 5e, cc 685, 5627,62 
7456,93 1,64 134» $816 3,47 38,0461, 534,119,444 vage 5478 3449,70 52,3452;33 
75467, 800;3a, on 135>35j04-3 3/33, 5662, 36/41,67160,24444, 6315793475818 5,57 5,3753033, 03 
7558, 0032, 30% o: 35;$2/65,19 39407163 19142,2215 , 44 5,758,758, 56,31 57,0453, 7453,74 
77559. 50,33, 35,296,039, 5504 0242, 78067 8948857 59,5248, 34 5755957777 $454 515444 5, 
7870, 5103 35,766,940, 10084, 85 3, 3462,68 45,4) 252949, 4 857579 2,38055,1J555 750 78 
79] 1,41 137924167,76140,61165,70/43-89153,45/47,06]5 150750911153, 54 53,065,806 55,86 79 
8072,32 37»71168,6214.1,1 3166, 52/4444 5164,2614.7,66]51,34150,7 $459,28[5.3-721150,57]56,57| 80 
8173,22 38,1869, 4804 7,6467, 3 54 5,005 5, 064 v2. 92,61|51,38160,02 e 577295728 87 
8274, 1202 38,65 7050427 68, 1845, 5665, 804 8, 8 5163, 3052,02 N 55.075,98 57,980 $2 
i 75903 0039, 1217 1,39/42,67169,01/46,1166,67]49,44594,16,52,63]Þ1, 501557 58,69 58,69 83 
5 9303 39, 5072, 5043, 18069, 84 46,6767, 475, 04,64. 93053, 29/62, 2456, 4759, 4059,40 84 
35 76,8 6140,09172,9 12 3,70%, 6747, 2368,27 50,6406 5,7 53,92 a 57,08, 60, 10060, 100 85 
8617774 140, 5447 337 714442 147 1, 5047,78 69,08 5, 2466,48 54,5 5 53772 5776050, 8 60,81] 861 
87778, 64 41,014, 6244,73 72+34/43,34 69,88 51,8357, 25 58,1964, 45 58,43 61,526 1,52 87 
88 9:55 41,480 5,4804 5, 243,17 48, 89070, 6852, 4208, o2 55,8 5,2059, 10062, 2202,22 88 
8980, 4538 41,9576, 3448,75 74,0 49,45 71, 4805 3,02]08, 80 56, 40, 5, 949,77/62, 932,93 89 
9081,35 424745272483 S 025295 36 0595 57/57.09]Þ6,69/00 82425 
9182,26 42, 908,0 46 87 5, 66 50, 5617 3, 0954, 210, 34057 436175 38539135 91 
92553716 43·3778,9 147,376, 49 51,11% 3. 90,54, 800 1, 12 1,75,05,05;65,05| 92 
9319407] 43}84[79,77147-31177,33/51:67174,7015 bac 1,39 62,46 6,70% 5,8 93' 
94 3727 44,3180, 63048, 3278, 1652, 2275, 5056, cy, 66 66,47 66,47 94 
9 855 8 44,7808 1,4948, 8479, 0052, 7876, 3056,59 344 967, 1767,27 95: 
96956,7 4525]82,34/49+35[79+$3153»34177511(57>1917 412216 624767886788 96 
97 87,08 45,7208 3, 20049, 8780, 66 5309177591 577874, 9861, 5371,87 65,14 68,59 68,590 97 
98088, 59 6, 1984, ob 5038 81,494,478, 7 158,387 5,75 55,8269, 3069, 30 98 
99199+49 46,66184,92/50,85182,32/55,00179, 52/58,98176,53, 60,491 70,0079,00] 99. 
10,4042, 4.741458 557715134113 3»1515 5, 56180, 3215945717 7+39) (67-18[70,71}70,71]foo 
47+01186,63151,92{[33,98|56,11{81,12|60,17178,07/04,07 74,8467, 83 71,4217 1,42 101 
48,0887, 49 52,444,8756,6781,93 78,8 3, 50 85 72,220 
8448, 58888, 355 2,9 5/8 5,64 2 82, 7306 72, 8372, 83 103 
49,5289, 2153,47 86,7777 8053526 559 777506069, 83% 3, 5407 34541104 | 
49, 5000,06 5˙9 8637 58,34 5434 66,6 7,80%, 5217442517442 5[105| 
49»90190,92|54,49158,14 58,2918 5, 1416 67,24 78,8471, 1974, 9 74, 95% 06 
50,440 1,78 55,0 88,98059,45 85 9406 67,89179,28/71,86175,6617 5,66\107 
50,9 102,645 5,5289, 8060, 0086, 75 68,580, 272,576, 37 76,37 108 
873380 56,04 90, 63 60, 56087, 5 806 69,15 12200477 774091109! 
51,8 5194935 $6,55191,46(61, 11;38,35 69,7831, 50/7 348717727817 737811 1G 
52,3200 5,21 .es ge 51,67 89,16 70,4252, 254, 5478,49 78 49] 111 
52,7996. 0 5980 (93222/62,2289,96 71, 082,99 73522079,2979,20/1 12 
653,276, 9258, og 93-96(62,78,90,76 6 71,68 373 75789 7959079, 06113 
537749778 58,6194, 7963,34 91, 57 72,32 34.47/70, 56 30, 61080, 61114 
54721 98,64 59,1295 62063, 8992, 3768, 588, 907, 9 888 5,21 77523 ST, 3281,32 115 
54768499, 25563 55,4 94745 9351769510 946717 3,58 2.255325 82,2082, oa e 
55,1511 00, 460, 1 592,2 8064, 9993,97 74.2208 6, 69 78, 58082, 7382, 7317 
55,021101,2160,66.98, 1106 5, 5694,78 © 748 587,43 7992518334 $3,44/118 
56,0911 oz, 161,18 98,94 66, 110 f, 5270, 3900 1,99 5,4988, 1779,92 84,1484 119 
856, 87/102, 961,69 — 66 66,67 96, 39/7 1,4 9276.70.13 1388.91 8,5908485 84, 8 5120 
Dep. | Lac. | Dep. Lat. Dep. Tat. Dep. Dep. | Lat: Dep. | Lat. Lat, Dep. { Lot. || Dep. | Lat. E 
1 0 — => 
C4 $7450 ig 
4 Points * 


r . i dm. 
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89 Degrees 


ww 


S o Degree 0 I, 1 Degree, | 
- & | 15.Min. | 30 Min. | 45 Min. 'o Min. [15 Min. | 30 Min. | 45 Min... | 3 
kat. Dep.] Lat. Dep.] Lat. Dep. Lat. | Dep. | Lat. Dep. Lat. Dep. | Lat. 3 
Ws; | o, oil 1,00] 0,01 1,00! 0,02 | 1,00 1,00 t, oo 1 

2 0,02] 2, oo] 0,03 2,00! 0,04} 2,00 2,00 2,00 2 

3 0503 3500 0,04 3500 O, 05 3,00 3,00 3,00 3 

4 0,03 4,00 , 05 4,00] O, 7 4,00] | 4500 4,00 4 

2 O, 5500 0,07 5500 O, 09 $,00 55000 5,00 8 

0,05] 6,00} 0,08 6, 0 ©,11| 6,00 6,00 6,00 6 

7 0,09 7-00 o, 12 7,00 7,00 7,00 £5 

o, 10 „00 0,14} 8, oo 8,00 8,00 8 
9 0,12 950 o, 160 9,00 9,00 9,00 9 || 
0,13 10,00] 0,18|10,00] 0,22J10,00| o, a6 o, oo 10 
11,00] 0,051 1,00 ©, 14. 11,000 0,19/11,00] o, 2401 1,00] 0,281 1,00 
I2,00| o, Ogi 2,00 0,16 12,000 o, 21 fz, oo] o, 26012, ooſ o, 3 ili 1, 99 
1 3,00| 0,06]1 3,00 0,17 || 13,00| o, 23 13, ooſ 0,28[13,00| o, 3412,99 
14,00] 0,061 4,00 | 0,18 14,00] o, 2514, oo] 0,31114,00| 0,37]1 3,99] | 
15,00] 0,07]1 5,00 0,20 1550 0,26|15,00| 0,33] 5,00| o, 3914,99 
16,00] 0,07]1 6,00 0,21 16, 00 o, 28 16, oo] o, 35/16, oo] 0,4 15599 
17,00] o, ot 7,00 0,22 1 o, 30/17, 00 o, 377, oo] o, 45 6,99 
18,00] o, 0818, oo 0,24 18,00] o, 3218, oo] 0,39]t7,99| 0,47] 7,99 
19, oo o, og im, oo 0,2 5 19,00] o, 3319, oo] o, 42018, 99. o, 50018, 99 
[20,00 o, gz, oo 0,26 20,00| o, 3520, 0 o, 449,99 0,52119,99 
21,0 o, ogg 1,00| &, 18[2 1,00 0,28 21,00] .0,37|21,00] o, 44%ho, 99 0, 5 50, 99 
2, 00 O, Ia, oo o, 19.2, oo Q,29 22, 0 o, 3802, oo 0,48[21,99| o, 58/2 1,99 
23, 00] 0,1012.3,00| 0,2012 3, oo] 0,30 23,00] o, 40023, oo o, 50[22,99| 0,60].2,99| C 
24, 000 o, 10424, oo] o, 2 124, oo 0,31 24,00] o, 4224, 0 0,52[23,99| 0, 636 3,99 
5,00| o, 11% f, cf o, za 5, O0 0,33 [285,00 0, 4424,99 o, 5 54, 99] ©,05124,99: 
26, 00 o, 1126, oo] o, 236, oo 0,34 26,00 , 4525,99 0,57125,99] 0,68[25,99 
27,00] 0,12127,00| o, 24. 7, oo o, 35 27, oc o, 476, 99 o, 59.6, 99 0, 7 16, 99 
8, 0 o, iagg8, oo] o, 24,8, oo 0,37 [ 28, oc o, 4922,99 o, 612, 99 o, 737,99 
29,00 o, 1329, 00] o, a flag, o o, 38 29,00 o, 51028, 99 o, 63/28, 99 0, 76,8, 99 
30, 00 O, 1 3J30, oo o, 26030, oc o, 39 30,00 o, 5229,99 076 29799 „799599 
0,41 31,00| o, 5430, 99 0, 68030, 99 o, 8 1030, 99 
0,42 32,00| o, 5631,99 o, 70031, 99 0,84131,99 
0,43 33,00 0,58: 32,99 0,72132,99| 0,86132,99| 
0,44 33,99 959133»99| 0,7463 3,99 o, 8933,99 
0,46 34,99 , 6134,99 0,76134,99] 0, 9234,99 
. 947 || 3599] 9,6303599, 98,99 0,9433990 
0,438 || 36,99] 0,65136,99] 0,81136,99] 0,97130,9 
0,50 || 37:99] 0,66137,99].0,83137,99| 0,99]3798| 
0,51 38,99 o, 6838,99 o, 8 5038,99 1, 0238,98 
0,52 [3292.722292 872999 1,05139,98 
0, 54 142-99 
0,55 141,99 
0,56 42,99 
0,58 43,99 
0,59 44,99 
0560 45,99 
0,61 246, 99 
0,63 47,99 
| 0,64 | $ 48,99 | 
0,65 49,99 
51,00} o, 225 1,00 0,67 50, 99 
. 152,00] o, 2 352, 0] o, 4551, 99 0,68 1,99 
$300} , 2353,00 o, 4 52,99 0,69 $2,99 
54300] o, 24054, O00 0,4715399| 0,71 53,99 
$ 3200} , 45 5,00} 0, 4854,99 0,72. 5499 
[56,00] 0, 2456, 000 o, 495 5,99] 0,73 80557990 
57,00] o, 257, 00 o, 5056, 99 0,75 56,99 
58,00 o, 2 558, oo] o, 51057, 99 0,76 $799 
59,00] 0,2b]59,00] 0,31]58,99] 0,77 58,99 
eo, oo o, 26060, oo] o, 5259, 99 0,79 589799 
| Dep. Lat. { Dep; Lat. Dep.] Lat. Dep.| Lat. | Dep. | Lat: | Dep. 
[ 45 Min. | 30 Min. | 15 Min. 45 Min. 
oh >> 38 Degrees 
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Wwe 


. - Shot hd 


88 Degrees 


200 


o Degree 0 | 1 Degree 02 
15 Min. 30 Min. | 45 Min. 22 Min. | 15 Min. | 30 Min. | 45 Min. | 
| Dep. Lat. | Dep at. | Dep | Lat. Dep.] Lat. 
0,80 || / 60,99] 1,0 1,33100,98| 1,60j60,97 
o, 81 61,99 1,08 15355198 1,62161,97 
0,82 62,99 1,10 1,38162,98| 1, 6562,97 
0,34 63,99 1,12 1, 40063, 90] 1,6763, 97 
0,85 64,99] 1,13 2] 1,70[64,97 
0,86 | 65,99] 1,15| 1, 44e 598 1,7306597 
0,88 ||. 66.99] 1,17 1, 4666,98 57557 
0,89 67,99] 1,19 1, 4867,98 1,7862, 97 
0,90 68,99] 1,20 1,51168,98| 1,8 168,97 2,11 
0,92 69.99 1,22 1, 5309,08] 1,843j69,97| 2,14 
0,93 70,99] 1,24 1,551;0,98| 1,86170,97| 2,17 
0,94 71,99| 1,26 8| 1,57171,98| 1,88[71,97| 2,20 
0,96 72399] 1,27 1, 5972,98] 1,91[72:97| 2,27 
0,97 73799 1,29 73,98] 1, 6273,98 1,9473 97 226 
' 0,98 74,99 1,31 1,64174,95] 1,9674997 2,29 
0,99 75,99 1,33 8 1,667 5,07] 1,99 5,97 2,32 
99 1,01 76,99 1,34 1,6876, 97] 2, 276,97 2,35 
1,02 || 77,99] 1, 36 1,70477,97| 2,0477, 90 2,38 
T,03 78,99 1,38 1,7278, 97 2,0778, 96 2441 
1,05 22999“ 1,40 1,7 517997] 2:09179+96| 2: 
1,06 80,99] 1,41 1,77180,97 
| 1,07 $1,99| 1,438 1,79] 1,97 
1,09 82,99 1,458 1,8 182,97 
1510 | 83,99] 1,47 158383 ˙97 
8 1,11 84.99 1,48 8] 1,8 584,97 
5,99 1513 8 5599 1,008 5,98 1,888 5,97 
0,7686, 99 1,14 86,99 1,528 1,9018 6,97 
0, 7787,99 1,15 8,99 1,547 98 17,9287,97 
o, 7888,99 1,16 88,99 1,55 15948897 
©0,7g|89,99| 1,138 || 89,99! 1787 _1,96]89,97 
o , 7990.99 1,19 90,99 1,59 1,99190,97 
o, 8cſo 1,90 1,20 91,99 1,67 2,019 1,97 
o, 8192,99 1,22 92,99 1,62 2503,97 
o, 8200 3,99 1,23 93,99 1,64 2,0503,97 
058 304,99 1,24 94,99 1,66 2,0794,97 
0, 840 5,99 1,26 || 95:99} 1,68 95,98 2,099 5,97 
0,8 96,99 1,27 || 96,99] 1,69 2126,97 
0,88 7,99 1,28 || 97599] 1,71 2,14 97 
0,8608, 99] 1,30 98,99 1,73 2,1698, 97 
0,87199+99| 1,37 99.99] 1,75 2,18199,97 
o0,8$]101,0| 1,32 101,0| 1,76 2,20]101,0 
o, Sol roa, o 1,34 102, o] 1,78 2,2.3j102,0 
o, og, of 153 103, o] 1, 80 2,2 5103, o 
2,9 1104, o] 1, 36 104, 0] 1, 82 2,27 ro, o 
o, 92005, [ 1,37 105,0 1, 83 2,2905, 
o, 92106, o 1, 39 106,00 1,85 2,3J1j100,0 
| 0,991107,0| 1,40 107, 0 1,87 2,331107,0 
o, 940108, o] 1,41 108,00 1,89 25, 30108, o 
o, 9 5 flog, of 1, 43 109,0 1,90 2,3809, o 
o, 960110, 0 1,44 110, [ 1.92 25401 10,0 
o,9 7 11,00 1, 45 111,00 1,94 2,42|111,0| 2,910 11,0 
0,9 8/1 12,0 1,47 112,0 1,96 2,441 12,0 2,93]1 12, o 
o, 991 13, 00 1, 48 113,00 1,97 2,47 13, o[ 2, 9601 13, 0 
0,991 14, o 1,49 114, 0 1,99 2,491 14,0 2,98]1 14,0 
1500011 6, 00 1551 115,00 2,01 2,51]115,0| 3,0101 15, 
1,0 r 16, 0 1,52 116, 0 2,03 2,531116,0| 3, 040 160 
1, 21 17, 0 1, 53 117,0 2,04 2,5507117, 0 3,0606117, 0 
1, 031 18,0 1,54 118, 0 2,06 2,571 18,0 3,09]! 18,0 
15 04lt 19,0 1,56 || 119,0] 2,08 2,boſi19,0| 3,1219, 0 3,63]119 
1,051120,6| 1,57 120, 0 2,09 2,6107120, 0 3, 141 20,0] 3,66]120 
Lat. | Dep. | Lat. Dep.] Lat. Lat. Dep. | Lat. | Dep. Lat. | SS 
Min. | 15 Min. | o Min. 45 Min. 30 Min. | 15 Min. | 5 | 
89 Degrees 57, 


— - — —— — 


"WT. 


Park RSE TAB . 
| 4 67. 5 ; 


— 


wi 


| = 
> Per 
A 15 ee 
— t. De - 1 5 . ] 
1 2 Dep. | . wn 1 2 N ; 
2,00{ »04|| 1,00 | 1 MM: 3 Ve 
3.00 0,7 2,00 04] Tol 'De 7 5 grees 
4,0 0,11 3.0 0,08 1 ee 15 Min- Sm So . 
8 0514 my 0 en; | 9,05 rene 6 Lat. | Tc 30 Min. S 
6,00] 2 gr! 0,16} 4400 2 ee Lat, | Dep. 8 
1 py — 97 1 D 
7»99 ot | l 5:99] "gs. 9 94 * | | 
g 8,99 * 7799 ba 6,99 oY 4,00 of 2,99 Be 
— 22 * 8,99 * $44 . 4599 992 299 * 
F 10799 0,38 9:99 28 e., 0, 8 5 0,34 22 3 
11 1 » p , 
1913 9:43 1999} 0 _ 240 8 e ee 6,99 5 
4 25 5 77 5 285 35 2 5 7 
1954 1 38 6 — — — ©, e. 
1 75 25 55 5 of] en b 
17416 „58/01 594,90 * Ir „6270,98 
99 o, 59 5599 076 199 0,6 98] 0,6 95 ol 
19117; „59 16 855 U 85 7 ee oe 
19 2 * 1 1 884 0,67 1855 5 443535 . — 9 pads 11 
19 0,6618 , O27 11% 8 2711 : 14,98 579113. 17.9 12,9 57912 
19299 0,70! 5991 $57 5 | 0582 a 98 0,851 97} ©,86[x 7 o,8 5 
2440599 0,73 19,99 518,98 0,86 18.97 079 na ©,92 1 0,92 34 
22121 | 57320 WR o 0 1 297 ©: £297] © 8 4,47 ©, 8 4 
| »99] © 99 Bs 117 »96116,9 598155 9815 
2322,99 2 21,98 . 0,96 1797 170 Gage 1285 185980 1, ff. 
24.399 8 22598 1,0 1 297} 308 1822 15102 2 1107 
299 5 — e e tn 10% 1,18þ8 
26-5195 ory 2498 Nos 20,97] 1+19 229 —. Om 2A 
"A 6,98 4-04 2 5,98 1,75 2 1,97 1,25 8525 1,28 A . — 20 
yy 27.99) 0,98, _ 1,20 55 4 1,26 e 1, 30 2790 133 bred , 37 1 
eng 9 98 at, 297] T3202 99 123012 296). „22,9 | F244 
29:98] of 1028,98 I 125»97] 1 6 $96] x 3960 2:47 295k 2 : 
25587505 29:98] 1340 54 788 mp Hoes Ws $4 of 22k 
2[3 1295 1572 30,98 3 * 1547 $5.66 T2392 45 n 
52553 1 82780 1-37 28,35 1775 3 
y mY 1,19 15 — — — 11144 350 | 
3613598] OE 74 — 39,9 3,84 ——_ r, 9 9 
3586.95 268.05 841,9 il 27960; 
38 7798 e gl 32,95 1,87 hs »9 "2, 
3938,98 f | 37.97 3395 1,9 32,94} 2,0 31,93 1 > 
40228 17308737 e 99 2,08]33.9 2 
42 eee e de op tn py abe 34 
421,9 40,9 98 10 1 272 | 
62,7 1,50 41,97] < 4, r i 3-309 
214-3» „50/42 ; »94| 2, 93 223% 7592 23 
97] 1,54 97 212 21138,9 32137»92| 42437 
45497 5 43˙97 129294 2227132 2339938 2549538 
40172 87 4479 ü 405 Hv. »93 2444 292] 2, | 
e 92023 et rg = 14. 
4719-97 wy 45-97] 2 2 9,92] 2-56 - i 5 
48147297 168 6,97] 42,930 2, , 92 2,50 £2.97] 3,66 
4948,97 5, 47:96 943,93 2 42,92} 2,6 21 2 
271 48 44 „5043 2 2 342, 91 575 
N 596 393} 255 592 2,69 258 
230225. 45593 1 5 
50,96 15593 6 1 2,810 29 
479% 3 2.871890 
0 25784 591 2,9 47 90 | 
49,92 291 2 290 
< 2,34149,91} _ 48,90 3-14 
hes 75 505,90 42282 
52 92 9581,90 312 0,89 
42 ; 2,01 52,90 3518 51,8 | 
nd 350615 2 1 44 
| 291 4,12 390 373 2 2 
55591 318 54590 3520 587 53 
3 55790 370 54.88 54 
* 86, þ 348 88588 55 
1 8 291 3. 57789 378 5 38 56 
Eee 599 45 88,89 3, 57460 
; 8 Dep. La 59,89 3,66 5 N 
a 9 — = | „19 k =: 30 Min. 75 7” ö 
5 , | ] — in. — 
ny | Degrees — [5 
| in) 
bs : 51 Q@ 


——— 
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3 


OY 3 „„ - > > 406erons „03 


tg 


egrees N 5 I 


[> Min, | 15 Min: | 30 Min. | 45 Min. || o Min. | 
Dep. | Lat.] Dep.] Lat. Dep || Lat. Dep. 
2,66]0,93| 2,9360, 92 3,19 


: ; 
8 


3-021102,92| 3,30 


2,7 519293 


2,8 64,93 371 64,91 3740 
2,8806 5,92 3,176 5,91 3,46 
2, 9266,92 3, 2266,91 3,51 


2,7 1293 2,98061,92 3725 
252955393 3,7063, 3,38 


Lat. 


EOS; Min. 30 Min. 45 Min. [= 
Dep Lat. Dep.] Lat, Dep | *: 


2,97197,92| 3,2667, 91 3,56 
3-01168,92] 3,31 
3] _3»95109, 92 3236 


68,91 3.81 
6991 3285/69789 


67,89 
68,89 


357260, 87 3,99 
3,7961, 87 4,00 
3.8 5162,87 4,12 
3,91063,86 4,19 
3-97j04,56 4325 
403 65,36| 4,32 
45096 ö, 86 4,38 
4:1667,86! 4,45 
422,08,35 4,51 
4,28 69,85 4,58 


237917093 
2,83171,93 
2,872,930 3. 
239117 3-93 

| 2294974+93 
2,9817.5:93] 
3»021]70,93| 
&| 3,06177,93 
3+10178,93| 
| 3+ 14179493 
3, 18180, 92 
3,228 1,92 
| * Pp | 
3,3083, 92 


355072, 90 382 
3»551/7 3490] 3,87 
3»004/74,90| 379 
365 7855 379 
35707, 90 4,03 
3.7477, 89 4, o8 
3.7978, 89 4,14 
| 3784 79,89 419 
3,9985, 89 4524 
394 81,89 4729 
3798 82,89 4734 
4,008 3.89, 4,40 
8 


4,0 184,88 4545 
451 85,880 4,50 
4,1886, 88 4355 
422 87788 

4,27088,88 
393139499] 4,32]/$9,88| 4,71 


| 72 5515 453790588 


4,0101, 90 4,491,87 
4.052,89 4,46, 87 4,87 

3.89 4,5493,87 4492 
54,89 4, 5694,87 4,97 
4,3298,89 4,75 


18 9,89] 4,8999,86| 5,23 


51995789, 4,6495787 5,05 

4,2396, 89 76005885 5,08 

4282,89 4,707.87 5213 
6 


3,41%, 90 3,7270, 89 4,0370, 87 4,3470, 85 
3,40% 1,90 3,77 


71,88 4,08 71,87] 4.40,71,85 4,71 
72,88 4,14172,36| 4,4672, 84 4,77 
73•88/ 4,20½3,86/ 4,5273˙84 484 
74,88 4.2 74,86 4, 5874,84 4,9 
755880 4,375,860 4,0 75˙84 4597 
76,88| 4, 3776, 86 4, 7076,84 5,04 
77787 4,42½7,.85 4,7677581 5,10 
78, 87] 4, 4878,85 1289785 5517 
79871.4+54[79$5] 4,88 | 


| 4,04 


79,83! -5,23 


80, 87 
81,87 
82,87 
83587 
84.86 
8 8,86 
86.860 


4,9 880, 83 5,30 
52018 1,83 5,36 
5507/82, 82 5,4 


5.13083.82 5749 
55 19084, 82 5756 
5,2518 5,82 $502 


88,81 5,82 


101,9 
10 101,9 
0g102, / 3,8010, 
Lege- % 
101049, 367 
| fn 120 
Jets, 9 3,73 
If, 9] 3,77 i 
_ $109]108,9]-.3;80[10 


119119949 3+541109,9] 4 


4:4 1]100,9]/ 4,8 5/100, 9, 5,2 


4549102, 9 4:9 4/02, 9 $239; 


EF dds Alt... . adit. th. wt i nt wk Af St LOR; — 


| 4458110439] 5, 04/104, 9 5,50 
402110549] 5, 09105, 9 5,55 


47100, 9 5,1810, 9 5,65 
4,7608, 9 5, 230108, 9 5571 


892292232 


4545101, 9 4,89 101,9 5,34 
103,9 4799/03, 5,44 


4,6706, 9 8 855 . 6560; 


1104,8 
105,8 6 
106,8 
107,8 
108,8 
— 322 


6,1700, 8 


| 5,31j86,81| 5,69]. 
87,86 4,9987, 84 5,37/87,81 5,70 
88,860 5,05]38,83} 5,43 

89.86 5,1089, 83 5,50,89,81 5589 
90, 850 5,170, 83 5756090, 81 5795 
91,85 5,2291, 83 5,62 91,80 6,02 
92,85 5,2702, 83 5.68 92, 80 6,08 
93-85] 5˙333,85 52438 6,15 
94.85] 5,3904, 82 5,8094, 80 6,2: 
95-35] 545,82 5,8609 5,79 6,28 
96,84 5, 5096,82 5,926, 79 6,34 
97,84 5,5 57:82 5,0897 9 6,41 
98,84 5,68, 82] 6, 0498,79 6,48 
99•84 857981 6,1927988 
100,8 1 | 
101,8 
102,8 
103,3 


7,0 

- +06 
7713 
7219 


11 


| 10,8! 5,81 


4,84 10,9 5,3: 
; 11158 5,86, 


5.42 12,8 5,92 
4 9 547113, 5:97] 
5,02{114,9] 5,52 114,8 6,02 
| 7975 555711 8 


5762 11 58 
5566 117,8 6,18 
118,9 5,7118, 8 6,22 
3221 19,9 $,7611119,8| 6,22 
Dep.” Lat. [Dep. Lac. 


110,8 6, 2911 10,8 647912 2088 742 
111,8\ 6,35]111,8] 6,84/131,8| 7,33 


30 Min: [rg Min. '© Min. 


112,8| 6,4 12,8 6,90]112,8} 7,39 
113,80 6,481 13,8 

114,8 6,52 114,8 75 a1 14, 8 7752 
115,80 6,58]11 5,8} 7,0115,8| 7,59 
116,8] 6, J 16,8 7,14j110,8] 7,65 
117,8 6,591 17,8} 7520111757] 7,72] 


6,961 13,8 7,46 


118,80 75271 18,7 7,78 
119,8 2332222 


107 
08 
109 
110 
111 
112 
173 
114 


1151 


116 
117 


Dey. Lat. Dep. Lot. 


Min. To Min. I-15 Min: 
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87 Degrees 19. 
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806 Degrees „ 14. 
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ję m dUPU“L«˙mmn— —— ͤ ꝓ œä—ä—“1 — ͥ — E—_—_ 


— ww 2 4 — 
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| — Deo. Lat. Dep. Dep. | Late © Dep. 
[51 © Am. j 45 Mine 175 10 Min. IS, EE. O. Min. 45. 3 Min, | 30 Min. | 


4 — 4 855 57 5 Degrees | 3 
© Min.” } 15 Min. | 3 j.30 My . 1 45 Min. 2 Mie. c 115 "Min" 4 & 30 Min. A Min. 
eg. Lit. | Dep. [1 Lat. | Dep. | Lat. | Dep. Lat. Dep. Lat. [Dep.[ Lat. = Lat, |Pep. 
| 6,07] 1,00 of 0,08f 1,00] 0,09] 1, 0 
O,15] 1,99 1,99] 0417] 1,99 
, 22 2,99] 0,2. 2,99] 0,26 2,99 
9,30 3»99] 9731 33.9935] 3˙9 
9,37 4299]. 033 495] 0,44] 22 
0,45 $9 547 5,98 81 5598 
, J 6,98 ©, 6,97] 9,01] 6,97 
7,93] o, 7597 , 0 7,97]. 
8,97 0,71 58.97 9,8 879 | 
2222.2 1,831-9+96]- 0,87} 9,96 
o, Sato, 97 0,86]r0,96 10,96 0,96f10,95 150 1059 5 15 ·0 
7891 1,96} o, 9401 1,96 17,950 , 195 | Ho 11,94 7,0 
| , 0612,96 1,c 12,95! 1,13½2,95 94] 1,25112,94] 1,301! 
N 13,9 13,95] 1,22113;94 1,341 3»9 3] 1:4<177 
1,1114,95 14,94 1,31114,94 18 14,93} 50 
1,19 5,95 15,94 1401,93 158 18,92 7,60 
1,26116,95| 1, 3316,94 | 16,94] 1,4$]10,93 1763 16,92} 1,7c 
1,3 3it 7,94 17593] 15711792] | _ 17,91] 1, 80 
1,4<118,94 18,868, 1.82J18, 910 1790 
1,489,940 1 10,92 RA 19,910 1,9219, 90 2, oc 
: 0,94 20,92 1,8320, 910 
1,631.93]. 21,92] 1,9227591 
1,70[22,03 22,910 2,00[22,9 
152 23,93 239 / 2,09 23,90 
1,884.92 1,964, 91 2,07 24,91 2,824,900 
1,9 592 2504. 6,91 2, 1525.90 2,27 257890 
2,00 6,92, 25124 26,91 2,24|26,90 2,35] 26,89 
2,08[27,91] 2, 2c 7, 90] 2,32 27,89 2,44 27,88 
2,1 528,91 2, 2828, 90] 2, 4028, 8 2353 28,88 
22.3921 243 5129,90 —.— 29,89 2,62 29787 
* 2, 3030591 589 237 139-537] 
3 23761590 27793587 2,9387585 
72 2,432, 90 2788 787 350232,85/ 3, 
$3 24374324914 2,52137,90 71 2,96 33,86 3113,85 3,20 
(3: 2,44{13490} 2, 59134» $9 305034850 3293484 | 
139 " 2551 38,90 2,07125,39 3745˙35 352953 534] 
37 36,91, 2,58 30 2488,89 3723036,85 3439130483 6,8 
Ea — 1285 37,90 2 237,88 3253132,84/ 3,4 383 4 
5525 2.7 3529 2,39 38,88 3,4038, 84 3,8788582 3,748,809 3,91 
272.222.2228 3,14 3.4% 2-83 3.66039⸗82 3,83 2. — 2 
7 2:36 8 3 3,22 3757483 3,7 N, 873,93 
ZE 2-93 4t,39. 3511418) 3664782 3584 41,81 403 
- $54 3:00 42,38 3519 42,57 3375 42,82| 3,94142,80| 4,12 
bs 25 274388 2264235 34 43-2 3784 4143-32 4,033,800 4:22 
4 44 9) 3-14 44138] 3,344,860 2, rs 3,9244,8 / 4,14, 79 4,31 
45.8 224537 341 45,36] 3,6145784 358 4,0 45-810 4,21]4.5,79] 4241 
ir [14-05 29 3,2846 87 3:48 6,86 3769456, 34 3789 4,10 46, 80 4, 3046,78 48 
847.5 5347,87 356 195 3777 4235 3797 45180 4½% 80 4, 947,78 460 
498,88 48,8 | 31034 5 3,8, 4706 427 4579 44494 5,79 447 
5049.85 321 35 3.92 . 4+14 i} 453614979 4+5 1 4+; 
6] 3,71 0 4,00 40050583 4422 4:4 5159, 79 
| 3» $515 1,8 450851,82 4431 445% 5177 
3.262,84 4, 7652,84, 4,39 4462152578 
25 $3, $3 + $3282 4:47 4471153977 


3254,81 4,5 1779154777 

3; 35 49 722855 404 His 557 

4523 56,27 454.7%56,8 ; 4772 227 56,7 

430 554 4,56 57,80! 4,80 5,06; 57,7 

| 4937 884, 4˙5 688,8 1 897 5•1558,75 
3984] N 2 4292294225922 95 | 5:49 59.72 $27 559579 
Lat. | Dep. Tac. iLac | Dep. Lat. Beep. Lat. LT |Dep. Lat. 


Ee ee EE — — 


'S — 


11,4% 


— TS — — — — — ẽ—.j — — — —g— — 


TY 


24 x 


— ne PER 


— x 2 rn 


: 
— — 2 — 


— .—— os. ho — . —— 


> =” De 6. andy | 5070 5 Degrees 89 15 
2 TY Hy r ogg © IB 15 K Min. 130 Min. —1 251 Min. 13 
* 15 Min. 30 Min. | 45 Min. | 5 — 8 17 
Lar. 11 [Lat. | at, | Dep | Lat-' | Dep | Lat. 22 LA 8 | 
479,79 5,05 159,77 532 92 
458756 1,79 5,14 : 220 524 "ark 
4,94j92,78| 5, 2202,70 549023 
550 63,78 5,30 63,760 5, 10 
dae 5476 7 702 
7,18 5797 7 , 
$32 6 77 1 5,84 6 76 166 
5⁵3 a 5563 727 226 6871 925 1. : ; 2 
541 8,7 | 8235 6 228 6. 6.10 69,71 6 6.7 169,65 2201 
Se 469.260 88982222 67 6.87058 
7175083 4,9870587 5 Fee 7. e 
72% 1, 82 5, 21, 80 81 5,6 2.79 859 72775 7 e 65 
75 72, 82 5,0972, 80 5923 72,75 . ps 7 074.60 
| $357 3-80). 5890475 673 10%4,7 1 6,54 04,6 8 2 75 4 
92779 7794 4 69%. 678406 7297565 
5,30% 5,79 229 47 9274 68 45 1 753876,61 
# e cont 7248 77,61 
ac. 6 74. 7557 5,60 
6,2078, 730 6, 5478, 70 : 27272269 
6,28 79573 _$,63179»70}_0+9 203 = 
5,38 95572 6,73$0,69 | * "gg 
6, 4381,72 6,79 8 , 
8 1768 7998235 
vo wie e "90 $3,63 $,05]33:5 
, 3971 6, | 7 5 
be e 1247 
6,788 5710 7,12 8867 8,3486, 
[6,8 86 570 7771 8 5 I 87,56 
2477 28,60 8,5388, 55 
wig bobs 7,45 89,66 : 52489, ©9,59} 0903 8,6318 8959201 _9,01} go 
or 5 90765 „58 8, 22490, 54 I 91 
; * 7268 7752 765 3 1.425758 9837,54 9,221] 92 
* 6 * 3750 2557 8,9295 539531 93 
238 8 , $103.64 8,6093,57, 9019353; 9:41 94 
; 773 2 ung * 94764 8,6994, 56 95119452 9751 95 
94,74 74 67 77 335 55 877809 5,5 920355 9,610 98 
N87 7768,67 3.8388,63 8 8,8896, 55 9,3096, 51} 9,2 97 
6,776, 73 2˙5 : 27 127 776308 La 7:55 0:39197,51) 9,84] 28 
684,7 N ee 9,06 8,55 9,490 8,50 9,91] 99 
98,73 7777 66 9280 5 99, 54. 9, 59,99, 5GfTO,01 Ioodf 
2829.75 7:3 $99.66}. 32 99,92 99,92; 22 IISNI PIT | 
COA ll i wel 6 100, 5} 9.6$}100, 510, 11101 
7 7792 10076 5135 190, | | FR 
100, 8.80 61 = 101 6 101,5 9,78; IOT,S{IO,21 toa 
101, ge” 101, : 3˙25 POPE | 9,43 1102,5 9,87 102, 510, 32 0j 
2 $1 LIP eb 10 6 9552/1903, 5 9,9703, 5 104421104} 
* 9% Fes . 8,70 104,6 9,6 104, 5/10, O06, 510, zl 
7:33 104,7 Ji og, 3.0 184 ee de e e * 
+ hp I e 8.86 10 „ 106, 5 10, 2606, 3, 10572107 
7740/1700, 7 545 10 : 4 Ong. 10775 10,3810), f 1016 108 
5 : $5chok's| 90 105,0 J ee ee 108, tegie 
Fg 4 110 
| 9, 11010 , 55 8554 
ane” 4 | 967110917 2 s EE __ 926 122 OT ITO 
gt as TOE 11155 977 51072 611,5 10,7411, 41t, aa 112 
3 Bolt 22,6 * 112,5 9,85 9,341 1235 10,2 13, 11534113 
9 ang 9,4441j1113»5} 9794 10,43½113,510,93113 1154114 
0211 i 2 114, 510, oa 10, 52J½114,5½11, 03 14,411, fai 
42 4 N - 115,510, 11115, 510, 610115, 511,121,417, 8316 
„781276. 960 15 „5,22 10,116, 5 D a py 11 
6 '2 11 9.77117, f 10, 29 10,8011, 511,317, 41181 
ao 75 '$ 118 510, 37 10,89 118,5 11,410118,4 122 1179 
bv e nd 11995 1040 ü 10, 2 4417, 50719, 120 
, | »” » | 
Lat. [Dep. | Lat. Dep. | Lat. ep. Dep. Lat. ea” = OS! 
* — — 1115 7 11 S Min | 15 Min. F 
| 2 W T 30 5 4 15 Min. Min: 451 3 & 4 
01 — Degrees 241 abs Do 2 


TRAVERSE ran E. . 


385.70 4,6736, 70 


3 egrees Fa 11 24 Degrees ; 21 I | 
in. — "Min. | 30 30 Min. | is Min. 5 Min. | a5 Min. | 30 Min. | 45 Min. 15 
Dep. p: | Lat. ] Dep. | L: Lat. Dep. Lat. Dep. | Lat. | Dep. | Lat. +Dep. | Lat. Dep.» 
5,11 0,99} , 110 0,99] o, 12 0,99] 0,12 | 
4 1499} 02.3] 1499] 9,24] 1,99 0,24 
2,98 0,34} 2,980 0,35 2,93} 0,37 
44] 3,97 0345] 3:97 9.50 3.97 0,49 
4,97 0:57] 4597] 0,59 4.97 0,61 
5.96 0,68] 5,96] 0,71 $190] 0,73 
5,96 0,79] 6,95 0,82] 6,95 0335 
7+95| 0,91] 7595} 5,94 7,94] 0,98 
8,94 1,02] 8,94 1, 06 8,93] 1, 100 8 
9,94} 1413] 9493] 1410} 9,03} 1722 
1,2 10,92 1,29 10,92 1, 3410,91 1, 3900,91 
I, 36111492] 1,41}11,97 14011739 1,5 111,90 
1,472,910 1,5312, 900 1, 58 123 1,6412, 90 
1 59ſt 3-90} 1,6 513,90 1,71 3,89 1, 7J43,89 
17014, 90 1, 7614, 89] 1,83 14,88 1,89/14,88 
1581 15,89 1,88 15,8 1595 15,87 2,021 5587 
216,880 2,00 2,0716, 80 2,1 re, 80 
25,19 118 2,2717586 
2532/1 2, 40018, 85 
2544 19434 2,62 19,84 
| 20,83 2,65j20,83 
2,08|21382] 2,771,382 
2,80j22,832| 2,g0j22,82 
2,93 23781 3,0 23581 
305/4580 3,164.80 
3.17579 3.28579 31 
3-29 26,78 341 26,78 3,8 
3.41/½27,78 3,5327778 
3553 28,77] 3,6628,77 
3,6629, 76 3,799, 76 
30,77 3,7830, 75 3,930, 
31,70} 3.9c| 31,74] 4,0403774 
32 760 4,0232, 740 4,7274 
33,75 4033,73 47²9 33736. 
377 47423472 
35771 46435771 


Eren 


, ͤ PL nee 9m  oo_ 
q 6-30 67 rnd RET 2 ” & N * ” VE» 4 5 
» 
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—ͤ— —_—— 


r 2 
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39137479 137370 48013770}, 
3913847 38,09). 4,92]38»69: 
493978] 39-68]. 5,05139-63 
40,67) 5.775767 
41,66} 5, 304,6 
425,66 $,4 3142590} 
1365 5,55143-05! 
$144, 64] 5,68144»04 
45.63 5,8 45,63 6 
82 46,062 5793 562 5 
3.436 8547, 6,06147»02 
ga 4 8,66 48,61 6,1 48,61 | 
18 5,66149,65 149,60] 6, 31049, 
5.770,65 650 0:62] 6,22 50, 59 6,44150,60| 6,6650, 54 6 
5897,64 6, 7057,61 6,345,586, 5657,59 6,7951,53 
9952752 6,4352, 61 6,40 52,58 6, 6952, 58 6,9252, 52 
| 58 5| 6,11153;63].6,35153+60} 6,58 53,57 6482153957] 7,0515355 1} 
1545470 5. 5 965 6,2356462 65 54,39 © 5450 6,9454, 56 7, 18154550 
7 55,69] 5.85 [015 5264! 6,345 5,61 6,585 5-58} 6, 835575 750715515 7315594 
Mora #3 3363] 6,45156,61 6, 956 56,54 7,1905 95407 56,4 
| - 31157»63] 6, 57157, 60] 6,82 157>54] 7.32754 7557157547 
0159-08 „45815 945 88,62 5358.89 6,9455 58,53 7458,53 7,7058, 46 
852 5.27 89.54 6-53]59,61] 67915953] 2898. 228 22 288224 J. 
EDU Lt. Dep. T Ln. | Dep | Lat. Dep Dep.] Lat. — Dep. 
E > Ma. 145 "Min. LE Min. 115 A o Min. | 1 Min. 30 Min. 15 Min. [= 
12 Beg ES 83 Degr 8 81 —— Ro a | 751 
£& 8 yo# 4 : 


54, dr Fo, eee r 2 * 
- 
* * 


2 


S* ooo ae a Es 


. bi. eas lier BE a adit ͤ ũtß. . i # 
- ; 1 


"Le, tt 7 8 a 
L 1 75 N 2 2 Min. | 45 Min. |< Min. | 15 Min. | 30 Min. | 4 1 
At. Dep. Lat. Dep. Lat. | Dep. || Lat. Dep. Lat. Dep. Lat. þ 
6,91160,58]. 7,17j60,55 74388551 7,206, 48 2,96 60, 44 8,30 67 
7502081, 57 7,2961, 54 75061, 7,82161,47] 8,096 7,43 8,3 52 
714% 1 0 2 8 758 64,50 7,9 62, 46 9522 62,42 8, 50 63] 
50 772 63,56 7782 63,54 78016349, $,0863,45| 853863, 42 8,64] 64 
7,3664, 55 2 64 52 2, 64,48 8,20 64,44 8,48 64,41] 8,7765 
749% 55 7.7665, 51 8,4 65, % 3,336, 44 8.6265, 40 8,9 65 
7,58166, 54] 7,8868, 50 8,1 65,36 8,466,43 873554 
2˙99 67,49 9.29 67,46 3•50 67,42 8,88 62,38 9,17] 68 
8, 1168,49 7416 77 71 8,41 9,01 68,37 937! 69 
872369.48 8,53 895448835954 9,14.69,36 2:44 70 
9357,47 $65:70,43) | 8,96 70,79 9:27 70,35 $158, 77 
50] 8,4671, 46 8,7717 1-42, 9,09,71,38| 94071134, 9,71! 72 
8, 5872,46 8,90 72,42 9,2172, 37 9, 372,33 9.34 73 
$,7017345| 9,2341 9,347 3,37 9568 73,32 9,98 74] 
8,82 74,44 941417440] 9,464,360 9,79 74,32 10, 11 
95998 9,26 75,39 9» 5917 5,350 9792 75,3110,25 75 
9,0575, 43 9,38076,38 9,276, 3410,57 30 10, 38 5 
9417177942] 9551177238] 9384177,33 1,18 77,2 (10,52 78 
| 9,2978,41 9,63 78,37 9797 78,3 10,378, 28 10, 29 
4 29•40 9,7 79,30 10,09179,32 10,44 79»27}10 19:78 _$0| 
9, 52[80,39 9,87 80, 35/10, 2280, 31 10,57, 80, 2 10,92: r 
9, 64181 538 9,99 81,3410, 358 T, 3 10,79 81,25 11,06 82 
3 976182, 38 10,1282,34 10 10,8382, 2 11729 83 
9⸗87553,37 83.3310, 6 0 552 109683, 2317733 84 
9799 £4937 10,36, 84,3210, 384,271 4084,24 10 8 
110,21455, 36/10 88531 10,85]8 5,26111,23$5,22/17, 88 
10, 23 $0,390 086, 3010, 98886, 2611, 3686,21 11,73] 87 
10, 34 $7,34/10,73 87,30% 1, 11687, 2 9 11,4987, zac 11,87 88 
$110,46 88, 34010, 8 088,291 1, 2388, 24 11,288, 19 12, 89 
| 9,8 10,58 89,3377 89,2811, 30089, 2311, 7 589, 1 12,14 gol 
10, 7090, 3211, 0990,21 1,49 652201 1,8890, 1712,27 92 
60,8191, 3111,21 7261,61 „2112091, 1012, 410 92 
. 10 10,9392, 3101 1,332,261 7, 742,212,142, 1512,54 931 
374010, 64% 3,3 5/1, 93,3011, 463, 5/11, 863, 2012, 2793,14 12,6 940 
7 11943419413 39119275 4:34] 1917194929 11,58 4,24 1, 9994, 1912, 4094, 1312,81 95} 
10,45195) 3910,87194+ 34[1 1,28495,29]11,70195,23/12,12195,18;12,53 3.9 3412112495 96 
10, 56190, 381,986, 33% 1, 4006, 2801 1,820,222, 2400, 17/12, 5695, 11073, 8 97] 
eee eee ee g 3 
to 2887301 T, 2 8,311 1,6408, 26012, 78, 2112, „T5II2Z, , 37350 99 
99,4 1110,39199, 391 1, 32499, 31 11725 99,26}12,19199,20/1 2,62 951411305 99,0911 3,49 roo] 
100, fr r, ft oo, 11505 too, 311 1,87 100, 12,31 100,2/12,75 100,31; 13,1100, 113, 62101 
TOr,4{ti, ito, 11,5101, [t1,g9frot,2112,4.3h101,2112,37Þ07,1 333 YIOW1TNI3,751102 
102, 4 1, 2102, 3/1 1,6 „Ita, 110toz, 22,502, 1 3,00102,111 354 102, 73, 89103 
[03,4 1, 3a 103,317 103, 302,22 103,212, 68 103,13, 103,1 135911031 14, 02 104 
0-4 bis ere 104, 3012,34 Tod, 2, 80104213, 2 N 104, 0 14, 16010 
tor, ar 8 10, 31a, 10$,3/12.4 r05,0/12,92 r05,2113,38t05, 113, 4850,14, 005 
105,4 156 506, 312, 11006, 3.1 2,58 10,253 Io 211135 r06,1|13,97]106,0 14431107 
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$1,34/11,02|51,79 11,92 12,37 
52,82 11,23 52,77 12,15 12,61 
$3,30[11444563,75 12337] 112,94 | 
$4+7S|11,641154,73 12,6005 45113:07[5440]1 : 


$6570\r1-B5oi55;70[1 


56,73 12 50 568 
2½12, 2757,66 


12582 | 
1113305] 


13,27 


13:31155237]23 
0113+ 54 59,34 
13,77. 28725 


— 2 248253 12888 88.341401 3828 
ep.! E- Peg. EAR t. Dep eps | Late Dep.| Lat. Dep. Lat. 1 Fo 
| Ef o Min. 11-45 M3 hb | 15 Min. © —— 2 Min. — 4 Ty — 
6 28 Peg. 7, Des Ness | | 


2 | | 
194 8 | | oF 


PT: So 


ä OOO I OO OT — Or A OOO 


LAS 


TR AVE A, SE TA A 67. 


— . —˙ 7. 


> — — 


12 Degrees 1 13 Degrees. 23 
1-15 Mia. 30 Min. | '45 Min. || 0 Min. s Min. 30 Min. [ 275 M n. 8 
4 Lats | | Dep. | Lat. | Dep.] Lat. Dep || Lat. Dep. Lat. Dep. Lat. | Dep.] Lat. RY | 
7112,68|59,61|12,94159,55 13,4659,44 13,72 59,38 3,9805977 124/5925 14 50] 8, 
12589 179 6 7.413,68 60, 4113,95 60,35 142 160, 2914, 47,0, 2214, 74 62 
2(13410161,57 | $\13-99|61,38, 14,17 61,32 14. 4467,26 14,7 161 519 14,97] 6301 
35 3¹ 62, 54 14713 62,36 144% 62,36 4,67 62,23, f 
| 13452 63.5201 14,07 349 14135 643,33 14,6 63,27 4,9063, 20 0 
913,½72064,50 1296437 24,57 64.314,85 64,248,173 64,185. 
541393 Foe 1114599 5,35 14579] 05,28 15,07 05,22 15308857270 
66,45 14,72 56,32ʃ½1 5501066, 265, 30 66,1915, 9.6 
167-43 14+93]97530/15923[67,2315,52 67,1601 Is, 267709 
68541 08,27 685218. 1575) 68, 14/16,04;68,07 
69,38 15,97 69,1106, 27/69, 04 | 
70,36 16,20;/70,08|16, 5070,01 : 
277,34 16,4271, 066,7 50,98 5 
72,32 16,65|[72,03/16,9 71,96 x 
173»29 16,87 73,0017, 19 2,93 | 
74.27 17,103,987, 4273, 90ʃ7 
i 525 17,32 72928877 
176,22 17,55 7$92/17,88 7585 f 
ig 17776, 90018, 11½%6, 82 i 
178918 | 18,007 77,57 13,34177»79 2 
70575 1952 8,84 18,917 78,68119,25 £71) 8 
588,13 18,4579782 119,14179,65119,49] 82 
$181 511 8718 67 85 579 19, 0,62 19,73 83 j ' 
2,09 81,8 58,90 81,7619,2 19,61 31,59 19,97] 84, 

| | $71 4-09 19,12|82,74)19,4 51: 9,8482, 56120,20] 85 

; 8404 92% . „54, 44] 86 

f 850 19,57 84,6 20, 31084, 51020, 680 87 

1 5 (86,00 19,8008 5,66 20, 5408 5, 48 20, 92 88 

3 6,97 20,02 86, 63 20,7 8986,45 21,150 89 

5 95 20,2 5877600, 63 21,0108, 4221 39] gall: 

2 91]89;07 18,92188,931 20, 788,58 24912 1924188, 94,6399 
% 92 89,9919, 13 89,91, 20, 6989, 55 946 21,4889, 362,87 92 

1 27 0497 197,34 90,3811 257929952 | 90,43121.71190, 34/22,11] 93 
3 491,95 195559 7,86 21,141,501, 5591, 401,9 91,31, 349 
3 952,939,752, 845 21,372,421, 772, 3822, 1892, 2822,58 95 f 
4 96193-90/19,96193,8: 21,59%3.442, 03,352, 413, 252, 820 96 
1 9 94,38 194479 21,41 94, 51/21,62 94+42(22,23194,32(22,65194,22/23,05] 971| 
oF 98 5386]: 95377 21,631195,49,22,04/\9539 22, 46 5,292,889 5, 1923,29 98 
3 9 9684%½0, 5806,75 21,8596, 4622,27 95,325,696, 26 235146, 16½ 3, 53 99 
oF 10097782 220,79 9757-3 22071197-44/22549 97: 34/22,92197»24123, 351971312357 71100 a 
3 — — 2 „ | | — 

2 ro119$,79}21,00198, 7c 8098, 5122, 2998, 4122,72 98,3123, 1598, 213, 58098, 11 24,0101 
N 1299,77 1, 1099,68 22, 511199» 39]22+94/199-29/2 3, 3899, 18 3, 8 199, 08 24, 244102 
9 10 gl 00, 721, 44100, 7% 23,1100, 323, 510100, 24, oft oo, 024, 48 103 

4 tog 01,7% t, 6a or, 622, 07101, 5 23,39 101,2 23584101, 1 452 101,0 24472 1041: 

% | tos 102, 21,83 102, 622,28 5 apy, | 2.3,62/|102,2 24,0702, 1 24,51 102, 0 24,96 05 ; 
B 10611 03,7 22,04 2358 10392124,30 103,1½4, 7 51103,0j2 5,20]: 06 

= J107Þ046[22,25)1 2407111042124, 521104,0/24,98103,9]2 5. 44107 

* Hhrofi05,622,45 24429 19511244751105,0/25,211104,9/25,67108\|. 

106, 622,66 247.52 106, 124.98 06, 05, 45010 5,9 255 ho 
107, 22 871107, 2474) 107,1/2$,211107,0j2 5,68[106,8[26,1 5[i3off 
108, 6% 3, 808, 5 24,97 108, 0% 5,4 107,912 5,9 1107, 8 26, 321 1 
109, 83529 109,4 25519709, of 5, 67 tos, 9 826, C20 120 
110, 523,49 10,4 255421 10, fz 5, goſtog, g 26,8673 
111,623,70 111,126,641 11, 06, 131 10,9 27, 101140 
112.839 1% 25,87 ee 111,8 27,3315 
11.395 24,13 ö 29,09) 112,92 20,59 11 258 27 116 
114,424,330110 20, 321113,9/26,82]113,8 27,8 1011710, 

8 15,424, 53 26,5 yy 27,051 1447 28,0 81118 : 

916,424,740 26,77 115,87, 27 15, 28,2919 

I BE 0126,991116,8/27, 50% 16,7 56028, 52]r20ſ} 
& 21 — ö ep. Lat. | Dep. Lar. — I Lat. S 
© 1 30 Min] 15 Mn 0 Fun. > FL: Min. | 30 Min. [ 15 Min, 3 
Dez — ee A 8 4,01* 
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** ne — 2 eee rs 


-- — 1 * 
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a —— — 
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* AV ERS EK. TABLE; 67. 
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eo FEY 45% e ee EA 9 


E 14 Degrees 15 Degrees 
Vz o Min. || x5 M Min 15 Min, | 5o Min. 
Lat. | Dep. || Lat. | Dep. | Lat: | Lat, | Dep.] Lat, Dep. 
1,97 0,241] 9,97] 0525 12 0,96} 0,26] 0,96 
1,94 0,48 1,94] 0:49] 1,94 1,93 2 55 
3} 2,91} 0,73 2,91] 0,744 2, 90 2,09] 0,79] 2, 9 
35880 0,97 3-88] 0,98} 3,87 3786 1,05] 3,85 
5 4,85% 1521 4435 152 4,84 4782 17531 4,82 
bl 5,82] 1,45 88 I,4 859 $179 15 5.78 
2 6,79 1,69 6,78] 1,72 78 175] 1, 6,7 
8 7,76] 1,93] 7575] 1397] 2574 728 2720 2,71 
8,73 2,1 572 2,21 8,71 „68 2,3 8, 67 
19] 9270] 2:42 2:59 2:46] 9,68 9,65] 2,03] 904] 
11]r0;67] 2,6610, 660 2, 7110, 65 10,61] 2,8910, 60 
12] 1,64] 2, 9011,63] 2,95|t1,62 11558 3,16j11,56 
1341 2,610 3,142, 60 3, 20012, 59 6012, 54] 3242412453 
1411 3, 58 3,39 glen 3413,55 13,51 3263] 3249 
3 94,39 3534,34 3:69]14:52 804,47 3, 9404,45 
1611 5,52 3457111 5251] 39441 534 | I 5244] 4,2 15,42 
174 5 16,48 4,18116,4. 16,40 4:45]! 0,38 
17249} 4435111 7»45] 4+43Þ1 7543 17537] 427.3] 7334 
4, 0018,42] 4, 68018, 3 18,33] 5, 018, 31 
4,34 19,33} 4. 492 19, 36 8 19, 30] 5,2019727 
320, 260 5, 52120,24 
21523 557 1520 
22,19] 6,05]22,16 
23515 6,31 351310 
24712 6. 2409] 
2.5,08| -6,8412 5,05 
26,05 7 26,02 N 
27,01 7 795 295 7» 
275980 763127295 75 25 
28,94 229 23,91\ 8 2 
20% 1 8,1c129,87| 7.829,84] 8,41 31 
121, 7 1 30,84 8 30, 8 8,69 32 
8,2603191 8, 8, 5431,84 8, 6831,80] 8,823 1,7 8796 331 
8 $51 32,83] 8,66}32,84| 8,8032, 80 $ 9413276 9,0 32472 9,23 34 : 
3933,96 8,47 8,76033,8 50 8,933,810 9, 0633,77 9521133»73] 9,35 33-09 9,56 35| . 
13643493 25. 97070/3487 9417134»77] 9.3234, 730 9,4754,69 9,62134»05| 9,7 18 
[3713599] 3,95 9,26135,78| 9,4235774 9» g6 35»7c| 9,73135-65 9,396 11% 4371 
3836,87 9,19 966 1036,75 9,6736, 21 9,8436. 66 9, 9936,62 10, 1536, 5710,31 381 
3937,84 9,44 977037. 9,9337670, 09037, 63.10, 2637: 58/0, 4 3795411215939] 
4038.8 10 9,68 310,01 10, 18138, 64,10, 35/38, 5910, 52 35254 10, 69038 250119905 10 
41 1139-78 9,92 39, 60,10, 5139, 56/1057 $139» 5110, 96.39, 11,137 
4,710, 16 0, 80 6 40, 5710, 8740, 5211 1,0 50, 471, 22 40,4214 
10,77]41,58 41,5317, 1341,49 11,31 1,44/11,49}4 1539] $1,071, 3 
I1,02142,55 42,5011, 39042, 4511, 57142401 147014243511 129414, 
11,273,520 1,464 3,47 1 1,6 53,42 1,8463, 3612, 43,312,225 
11,52 44,411,944, 3802, 229 222% 
4525011 1,774,451, 964 5,40 12, 1604 5,31, 36 b 08 37242576 
12,0246, 42 45,361 2,4245, 31 2, 626, 2 512, 38346, 201 3,0; 148! 
122714738 77533012, 6847,27 12,8942, 22 c 13,30 191 
12552148 48,30[12,94143,24/1 3,1 5143, 181 3,36]48,1211 3557 $2 
12,55149,38|12,77149,32[12,93[49,26/1 3,20 49,20/1 3,4 1149, 1 5\13,021490911 3454 
[12,8 5993 13,0250, 291 3, 2450, 3013, 4650, 17/1 3,6850, 111139015050 7402 Ag 
13,0551, 31 13,2751, 25 13,4951,19 13,72151,13 13,9445 1907 1441615 LyO1 14,39 53 
13,2902, 280 3,52152,22/13,75{ 5241 t 3,98) 5210/1432 $2304{14,43]51»97} 14:6 
18554 5372501377 53194005373 14,3 r 52,9414, 98 5s 
28/1 3,78[54122124,02154» 7514,26 54,09 4,49 54.0314, 7353, 9614, 2 04 
5592 511440 35938 14,275 5,1214, 5105 5,0614, 7554, 9914,99 5 1335 7 615470 4a 
56,22 14,21 56,1514, 5256, 914,77 $9,02 14 +! 15,3615 5509 1 59505598 T5974 550 
$7319 144521571 14,7757, 6 1550245049911 532715 nf 15,5256, 8 U 537715 27917 6,0 
58,1 5114-7715 83,9911 5,5058, 02 15225) 5790, ghd 15.78157+©2110,03157»75 16,29 44 
Dep, Lat. Dep. Lac. Dep. | Lat. Dep.! 2 Dep. Lat. U 
— Min. þ. 15 Min. 8 X Min, 4 Min. |} '39 Min. 1 5 Min. Fi | 
75 Ef rees 377 4 Deg grees ' 2518] 
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14 Degrees oY : I 5 Degrees | 
IE Min. 1 15 Min, | 3o Min. 45 Min. 5 Min. o Mi 15. Min. 3o Min... 
| L. Dep || Lat. | Dep. | Lat. | Dep.] Lat. Dep. Lat. 1 Dep. | Lat. 
| 61 5993 14,7659, 12 6, 01059, 061 5, 27058, 99 185 58,921 5,79}58,85116,04158,78 
| | Gol ©, 16/1 5,00 100,09 15,26 60,02 1 $9 52439+90 [15 ; 978901 505 10431159974 
| 630 1,1315, 2461, 0601 5,51 828 $977 0,9216 [60,85|16,30 0,78116, 57/50, 7 
I! 641624 101 5,4862, 03 1597 61,9601 0286 7589 16,2961, 8216, 5606 1,7 516,8 306 1,67 
| 65193,07]1 5, 7a 63,0001 62, 93 16, 27/62, 80 15 62,7916, 82 62,7117, 1062, 64 
e $104,041 1559710 3,97 1674 , 16,526 3,8216 3775 17508 63.68 17,366 3,0 
1 67701 16,2 1064,94 r6, 4964, 87 16,7864 79/7, 0664, 7217, 34 4564176 64,56 
68e 5,9816, 4 565,9 16, 74e 835 17,036 5,7617, 31065, 6817, 50f6 f. 601 , 896 5, 53 
69 66,9 5 16,6065, $8116,98|66,80/17,28[66,73 17:57 65,651, 80 18,1 5166,49]18 
7967.92 16,9367:8 80272 J 922227262223 267,618, 12 18.457745 
1 9117118 58,877, 4988,74 17,78 68,66 18,0858, 8018,38 18,6768, 42 
[7 9,36[17542169,78j17»72]69,7 1 18,0 69.63 18,33 69735ʃ18 3 18, 9469, 38 
117 0,83 17,6670, 17970, 67/18, 280, 5918, 59%, 5118,89 19420170, 34 
| 74 158 * 17,90% 1,72 18,22 71,64. 18,5 71,56 18 84 71,48 19,15 119,46 1531 
1 752,718, 14%, 6918, 46%, 61 18,7872, 5319,09 72144109247 119273 2,27 
| 76173374113, 3973, 668,7 1½3, 58019, 03 3, 50019, 35½3, 4119,67 195997 3,24 
7277 rao 74:63 18,9514, 55/1928 751 19,8574, 389,934,292, 74,1 
1 eget 197117 5,60119,20j7 5, 52119, 53% 5,4319, 8675, 3420, 19 209817 
| 7917 0,6 19,1176, 5719, 4, 48 19,7875, 4020, 11 75, 31020, 4576, 2220, 787 513 
8977,62 1973/77 4 77472327 77427120471 2150417709 
| $1]78,59 N 7 78,51 19,94//8, 4720, 878,320, 278,24 20,96 21,3078, of 
| 82479, 59,8479. 4820, 1879. 3920, 5 39, 30120, 889, 2101, 22 21,8779 % 1, 9 1175,92 1223200 
838,5, 880, 4820, 4 3]80, 360, 7880, 261, 13080, 171,48 21,839,981 89,88% 
| $4151, 5020, 32 51,420,68 81.32 1,038 1, 2302139 081,14 1,7408 22 8,94 
3952,48 20,86 W 20,9282, 20 1, 28882, 20 27,6482, 10 22,00 [22,36]81,9 112227 81,81 23,07 
| 2618 3+45]20+81183,35/2117]383,26/21>5383,17/21390| $3,07]2292 22.,62]82,87122+98182,77 
8 845 2105184, 32121241 84,23 1,7884, 1322, 1 5]]84,04/22, 5208 3, 9422,89 83,83J3,25 53.73 
{ 39 3391,98, 9%½ 1,668 5,20/22,03]85, 102,485, 0002, 78 3159 23,1884, 80% 3,5284, 70 3,89 
9 86, 36 9 1, 53086, 25 1,9186, 17/2, 2886, 7 22,668 5.97 23,0313 5,873,418 527 
. 9c 9018 73 121,77$7,2 22,15]87,13 22,5387, 03 22591088, 23,2986 83 2356786, 173124225 
| gk £E, 30122,01]38, 20 22,4088, 102, 7888,00 3, 1787,90 2379487, 69 
| 9489, 2722, 26 189,17 22,6 89,07 2 3,03138,9712 35$21188, 87 24720 258805 
93,242, 500, 1422. 8990, 04a 3, 9-94/23-63]89,83 24,4089, 52 j- 
9 22,74 91,1123, 141, 01023,5 I f. 90, 80 2437 3199, 582 5,1 
992, 122,982, 823, 3801973. 24,1991, 70 24,991, 54 5,391,43 195 
| g6193>1 923,223, 23-66 24,0 4 92,73 6202 52502, 51 5, Mu 96} 
07194 12123,47]94,0212.3,82 24.2993, 80024, 7093, 70 2558747 257920 3,36 97 
9865/0 5714˙98 24,544, 774,954, 66 2 $17894+44/20,1 9194. 32 98; 
g9190,06/23-95195-9512 850247 8 465 554026, 5,28 99 
10019703 24,19 90.92 8 2 530 6,702 5, 469 99159 126,36 96, 3626,72 96,25 100 
10108, 0004, 4889 780 52 25,7197756 78. 3326,99, 17,4201 
10208, 974,688, 86 »7 5125 252971198,52 2678398, 2927, 268, 177, 0% 
1825 9,94 255 9,835,399, 15,799,610 6,22 99,49 27,0999, 227,53 9951327966103 
FF 100,9 25,16 100, 100,7 26,0 26,48 100, 5 27,35 too, 2 27379 100,1 8,25 104 
101,9 185 101,802 101/26, 267310154 2562001, 28, 00/01, 18, 50 105 
$102,9]25,041102,7 26,5 26,99 102, 427, 43102, 3/27,383]102,1 2355 102, ofa8, 7710 
103,3]25,$81103,7 26,7 27,4103, 427, 69103, 2 28, 14703, 10 3˙88 103, 9, 4 
104, 8026, 130104, 7 27, 04 fto4, 4427, 50104, 327,9 5104, 2 28, 41104, 1 28, 603,9 "IE 108 
105,826, 3 — 85 27529105, 4 2257/10 „3028, 21106, 228, 6105, oſa9, 1 3104, 929, 59109 
11ch05, 6, 6 1105, 6 2775 28501105, 8,4710 128,9 70.4010 8,9986019 
11107, 726,8 $ $107. 28,26 1072 29720107, a9, 60.106, 8/30, 131 T1 
1121108, 427,007108,6|27,57 va! 108, 3128, 5108, 2 29, 460107, 9 29,9310), 8030, 4001 12 
113109, 27,340 109,5127,811109,4 109,3 28,7709, 2 29,7208, 930, 2c 0108, 8 (39-67 113 
114 110,627,581 10, 5/28,06}x 10, 4 110, 229,02 ]110,1 N 30, 460109, 730, 94 14 
11111, 27,8211, 528, 3111, 3 I11,2129,28|[111,1 30,73|110,7 3722 115 
11601 12,608,672, 48, 5 5 1, 329, O41 12, 229, 53112, 0 31, 0111,63 54916 
111 113•9473˙2 1134128, 301 13, 329, 290 13, 129, 7973, 0 31, 2 . 1.761117 
Yiu? 1175 28,5814, 9, 14, 229, 54% 14, 130, 041 14, o 31, 5313,63, 03128 
179% „28,791 15, 329, 291 Jo 2957 30, 380114,9 31,80 14,532,301 9 
20 16,429, 301 15, 329, 5301 16, 2 30, of, o 30, 55 115,9 32,0% 15,032,572 
N = Lat. || Dep. | Lat. | Dep.] Lat. Nep. Lat. Dep. Dep. Lat. Dep. Lat. Sf 
2 2 0 I = 45 Min. ze. Min. f 15 Min. o Min. 45 "45 Min. | 30 Min | 15 Min. 2 
11 2 1 | Degrees HAT?" Degrees EL 


* 


SRAVERSE TABLE, LN 


1 Ws. 1 Sgrees | DM > £ a 5; 2 Le, 17 N ODA F 31 8 5 » 

o Min. 15 Min. J 30 Min. | 45 Mins 8 De 30 o Min | 45 Mia. 1 
at. Dep. Lat. Dep.] Lat; Dep. Lat. Dep. La at, Dep. ; Dep. | Lat. Dep. 21 
10,96 o, 28 0, 96f 042 0,28 0,96} 052 9,0 0,95 o, If 

2] 1,92} 0,551. 1,92] 98 1,92 I 0,060 8 =. 

J 2,88] 0,83 2,88 „852787 35 | 90 2,86 0,927 3h 
3-34] 1, 10 3,84 1,14 87830 3782 1,17 1,22 44 
4,80] 1433] 4,80] 1 1,42] 4979] 1 478 6 581 80 
8.77 1,05 $170] 1.74 557 5}- | $273] | 15330 off 

2 6473 2293} 6,7 | 1299 PL 6,69 _ -. 
7469] 232 1} 7,05} 24 2,27] 72 7264 25 3 
3,65 2748 8, | 2784 8,62 8,60 2,74 91. - 

9:61] 2,70). 9, | 9,58 9+55 3-o5hol” 

I 10,57 3503/70, 56 51 3,1270, 53 10,51 548 3,38ʃ17 6 

I2/1 1,54 3,3¼11,52 37411 1,49 11,46 356602 
2,50 3,53112,48 | 3>69]12,45 I 2442 35 5 
13,46 3,8613, 3+98]r 3,41 13,37] 1953,35 - 42271140 

I 514442} 431 3114449] 80 pre? 14436 14133] 4+45[14, 31 2880 0 
725 4:41 15,36 7 4415532 8 . ——_ 

»344 46916, 32 478 3016,28 24 R 

12730 496017,28 — 157511723 17,19 ABST 8 [“ 7 
8,26 572 18,24 524011 519 18 15 5579119 8 9 
19,23| 55119920 828819: 19,10 0,102.08 1 

120, 19 5 | 20,06 6,4cJ21|þ- 1 
1,15“ 9; 4 21,01 6,7122 
2411, 6 21,97 1 7,032 3 
3107 7532241 

1123,88 7362251 
755 2483 725936 
95 579 8,237 

2926,91 26,74 8, 8448 

2947588] 7,99 47370 8,8429 

3042 8,84] 8, 285777 28,65 91530 

3¹ .be. 29,22 8,93 5569,67 9,4 51.1 
9,76 8,82 30, 69 9722 9,36 30, 56 957632 

3313 1972] 9710 11, 64 31,60 8 9,65 37,52 0,633 

32,68 9,37 9,6632, 56 9580 959432, 47/0508 10,3734 

3513 64] 905 | 9+94[33>51]'209 107880334153 10,6755 

384,610 9,92 , 84, 7 ro, ; 20, $3134, 381" 10,9756 

335,57, 20 Py 35:4 10,6603 5,3 (10, 8235,34 1152837 

3836,53 0,4736 79130, 39129 5130, 34/31» 11136, 291] 1158 3 

393 7+49 es 15 37-351 124037, 30017, 4032,25 1158939 

3544 54! 2203139-421L1 23 11, 53038, 2511, 20/38, 20 „10 2, 19 

1139,41 Re 39,2 1011,9939, 10% 12573 395512, 

40, 371. 40, 1712, 2840, 11 12, 634, ooſt 2,50[42\F 
17,335 Sil, I2,21 1,18 12,40 1512 12,5741, 07 12,93 40,9 513,11 431 
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4; 12,661}34471 12,$1134,6 
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$j112]103,0 
$1 13120440 
: ts 
- zV 
rer, 
: 331 ha 5 
191810, 3 
Dep. 
— 


0 Min. 


30, 3474,97 
75,89 


31347177375 


3229781445 
33» 34432, 


2355 


9 


30,67 
31,05 
3134 
31,81 
32,19 
32,56 
32,9 
33732 
23,7 
34˙0 


745,8 
557 
76, 68 
775,61 

8,53 


9,45 
80,38 


81, 30 
2323 
218 


33729 
33768 


30,0970, 75 
| 30, 48 71,67 
30,87% 2, 59 


31,26 73450 


28,31164,99/28,60 
28,71]65,90|29,00 
6,8229, 40 


28,03% 5, 11 
28, 4266, oz 
28, 82066, 9 5 
29,2167, 86 
129,61 68,78 
30, 0069, 70 
30,4 70, 61 
30,7971, 53 
3131917 2,4 
31,597 3337 


- 


31,32 
31,71 
32,09 


12.4 


32 8 
32,87 
33,26 


0,2 313304 


32,4376, 26 
32,82 77,18 


81, 16034, 03 


34742 
3481118 


* 


31,9774, 28 
32, 37½ 5, 20 
32,7 ws 
33»15177203 
33»55177>95 
33+95178,87 
34» 3417978 


34,46 
34,84 
35722 
35759 
35797 


84,07 
8 5,00 
85792 
86, 8 


877730 


36,35 
3 
36,73 
37711 
37,49 
37,87 


88,6936 

89,6 
0,554 
1,4603 
2439 


35797 
36,35 


37751 
8137,90 
33,28 


38,67 


3551 9 
355578 


36,748 
377.12 


38,29 


90,04 
38,69 


3572104,41 
38,590 533 
38,969 526 
39533097, 18 
39,718, 71 

„0899, oz 
0540 | 0 9,96 
10,83 100, 9 
t 2 rr, 8 


41,2700, 7 


41,65 


101,6 


bI,58102,7 
+1,9 103,7 
$2433} 04.,6 
$2,71 10 9 

43,083 AL th 
434510744 
43,8 108, 3 
70 221 109,2 
4,5801170, 1 


44395 


111,1 


43» 551106,2 


44.01 
443 
4437 
4 $31 
4535 
14559 


106, 1 
107, 044, 86 
107.945,25 

08,8 45763 
109,7 46,02 
110, 46,41 


Lat. 


| Dep. | Lat. | Dep.] Lat. 
30 Min. 


; 45 Min, | 


Dep. Lat. 


[ 


15 Min. 


— _ — 
102,2 


103, 1 


104, 0 


104,9 
10 59 
10678 
107,7 
108, 6 


109,5 


1105 


: 


39,40 


3958693, 72 


4,2594, 63 


4252099, 23 
42,59 100,2 
42,98 101,1 


199,96 


84,211 37,0 
85712 
37,4886, o4 


42, 277, oz 
142207197) 


1337102, 0 
43,7010, 9 
4415103, 

44, 54410447 
4494/1057 
452331100,6 
45272 
46,11 
42550 
46,89 


108, 4 


109,3 
110,3 


107, 546 


44721U102, 7 
44,61 103,6 


0G 
47437]1 10,0 


Dep. 


Lat . 


99 4 


In. 


8 3168 De . 


3 


* 


567 Degrees 


1 


| 45s Min. | 30 Min. | 15 Min. 


66 Degrees 2,2 


110 TRAVERSE TAB I. E, 67. 
\ 8 £ 24. N 4. ks SEC 5 M 1 22 
a A - "2" 56 4 2 | . N d ol 3's 25 Degrees r = 7 * 
| I: ""o Min«-\ 15 Min. 30. Min. | 45. Min. . Min. | 25 Min. 30 Min. |- 45 Min- 4 : 
Bj Lat. Dep. Lat. Dep. Lat. 1 
J 0,91 1 , 42 0,90 05790 | | 
2 1,83 1þ 0585 1,81 1,81 
F 3þ 2374 127 '2,71| 1:28] 271 
$Þ 4} 3-65 | 3 | 63 1,69 3,62 3˙61 
/ Þ 5] 4557] 203] 4550] 2-05] 4555] 2227] 4454], 2509] 4455) 2511] 4,52 451 
1 8545 2:44} 5547] 4 „ J 5545 44 2,54 5243 4 
1 40 * 296 6,33 , 
192.1 229 3380 7:4 72 
4 8,22 3580 8,1 8,1 
$20] 9414] ; 4223} 9995 9,03 x 
$22: 09-05 4.56 9,99] 4-61}. 9,97] 4.65 9,95 4569] 929 
ia, 96 4.880,94 4:93} 3707/10, 85 5, 12058 
Ir z 1.880 5 | $:3812,83] 5,391 1,80 3,447,780 3,4911, 26, 5,55]11,7 
1412,79 12, 1274 5 | 2,69] 6,9212, 66 5,97]12,6 
1873,70 6,3413, 57] 6,4073, 
1164,62 5 6,7614, 4 6, 8314, 
15,53 6,901 5,47 4 7512 5,40 7>19]1 5,37] 7225]: 5335 
| 15,44 16,410 16,38 16,310 7,616,280 7,681, 25 
17536 747 31175 3 1&2 5 7.967, 22 8, 03,180 8,110 7,15 
8,27 8,118,244 8,2182729 1608,37 78,13/ 8,4518, og 8,5 8,0 
| 19,18 0 19,03 8,88 18,99 8,9 = 
0,10 19994] 9,3019, 90 9, 3919,89 
1501 20,84] 9,7220, 80 9,8 120,7 
1,93 21,75|19,14|21,7 110,24] 1,6 
2,84 2256610, 57/22, 61010, 672, 5710,72, 52 
375 23z56110,99]24,51]1 1,09]2 3,4711, 2 
127546) 11,224,520 1, 3 104,711,424, | 
58 801,62 5, 4311,73 3,37/17,8 
49 12,0426, 34 12,1426, 28012, 2 
7541 | 12, 5627,19 12,68 
1128,32 52,9828, 1013,10 
| 429323 13,4029, 0013,53 
; 1 30,15 13,82 29.91 13.95 
. 3431, 06 14,2430, 8101437 
4 $3.1+97 14,66 31,72 14579 
32289 150732363] 153221: 
15249133» $3] 5904 
38 34772 161579134, 4416, 0003 
3913 5,53 16,33 353416, 49 
: 14913054 6, 33110,75136,25/10-91 
1 / 127,46 I7,17137,16|17933 
| . 4238,37 17,5838, 0617, 7 
3 4.3139 28 18,00 33,97 18,1 
| 14 40, 2001 18, 4239,880 18, 60 
Kuni 18,840, 78 19,02 
| [4042592] 19,26141,6919145]4 
| 4794 19,6842, 8919,87 
8 4843785 90, 10043, 5020, 29 
1 1144-47 © 50120, 521144,41120,71144., 
[ I 1 34 20,93|145, 32/2151 314 22 
# 51 46,59 0574 2135/46, 1,5 
sk „ 77 279 
15348, 41, 5% | 8,132, 1948, 0322, 4 
| 1 155 197330 1,96 | | +9, 14122+40149,0 2561 8,95 22,82 
1 HFF $9-95123>04149, 35/23 24 
ee e | $013-45[50,79/33+67] 
1 1 J % a, 23587 5756624709 
| * $5$52298[23+59 242952, 604,54 
IId e797 28 58E4, 7053,47 26198 | 
| 1 015448 1124:40154+7 4 gf 5,12/54,38/28:3 7.272579 
* J 2. Dep {| Lat. Dep.] Lat, Dep. Dep. | L. Ber- | Lat Dep, 4 Late [D D 
5 f L3to Mn | 45: Min. 3d Min. E in. [0-1 Min.“ . 39, Min. LIS Mins 5 
IIe Deg ] 55 Degrees 2214 64. Degrees 25 
8 TY ; 
1 | EC 


TRAVERSE TABLE, . 


F . * n wad — 
Cu pf Wage * 
— — — — SO — & 4 . 


. -24 egrees 3 3 25 | egrecs —_— 
15 Min. 30 Min. E % Min. 15 1 30 Min, - 45 Mm. 5 | 
Lat. | Dep. | 18 
8529 25,78 51 61 
9656, 1926,20 446 
$7210/26, 63 | 371 6 
$8,0027,05||57,83]17,30|67,77/27,56157»05/27,80| 6 
58, 8% P67 58,67 7599058, 55 28,24 6 
($9952(27590 59-69 28,1659, 57128442159,4-5/23z67] 6 
117 00,722 „320, 60/28, 58Þ60,43|28,85]60, 33/29, 11] 6 
28,4701, 8328,77 61,38 29,3 eggs 68 
5 628,89 62,53 396 1D 8 29,7 16a, 1529, 97 69 
4 | 579,3 1063,44 29,58 29,8616 3, 18030, 1463, 60% 10 70 
| 71 64,$6| 28, 381644742 29573 64,35 30,01 30, 2964, 0830, 5763,95 30.5, 71 
|  72165,78|29,2 65,65 30, 1406 5,25 30,430 30, 724, 99030, 9964, 85] 31,28 74 
5 7466, 69 9,6965, 56]. 30, 5666, 1630, 8 | $599131+4.318 5175131273] 73 
7 74167611301 53.4055 30,98 67,07 31, 8 $166, 7931, 8066,65 32, 180 7 
7 7168, 52030, 51068, 39 314016797 31,70 32,0cÞ67,70132,2.9167, 55132458] 7 
8 75469, 43 30, 9169, 30 31,82 832,12 424 56032, 7 68,46 33021 7 
1 77,0150, [32,24169,78/32» $4169, 652, 8 69, 5013: 66928 77 
7971, 631,731,712 32, 6670, 932,97 33,2870, 410; 5358 7 
79 2518032, 14%, og 3350 71,60133»39 1,31 0134332] 7 
8073,08 32,8472,94 228 72 5103˙81072236634, 13]72,21 0634776 
Sha, oc 32, 9573,85 33,59 ½%3,4134, 23173520134, 5517 3911} 3571918 
824,9 133, 35174477 34» 33/74» 3234, 60%4, 174.98 74101 635562 8 
$3]7 59831337617 5,685 $1347 5117 5221350817 540713 5341174492 30,00] 8 
8 of 6474134417 76.59 8135»17117 013135» 527559713 5-$3]7 5,92 30249 $ 
8 517765134+571177>50| 35» 591177-04{3.5-93176,83;30,26176,72136 36,9308 
8578,57 34,98½78,41 35,01 7.9439, 35%, 8036, 69½77,6376 37,36 8 
37 79,4835,2979,33 36,4378, 8 5 36,778, 6937, 1278,53 6137-79] 8 
88880, 4035: 80080, 24 36,85179»75137»29179» 5937, 547943 38,23] 8 
8918 1,3 1036,2008 1, 5 83037,26080, 6637,62 80, 4937, 9780, 3338 638,660 8 
g90j$2,22/36,61132,06 37768081,57 3870408 1,0038, 3 38 39,10 90 
| 91183-23/37,01182,97 38,1082, 47 38,4682, 3138, 8282,14 39154] 91 
9284, 037,42 280 38,82083,38 38,8883, 21 39997] 9 
j 93] [37-53 84,79 6038,94084,29 39,3184, 11 40, 0 40, 0 9 
1 9 38,24 $5,71 39,36 8571903 39573 85248, 1 854 f 1 40, 84 9 
9886, 7938,61086, 62 39,4086, 2739, 7666, 1040, 158 5, 92 40, 5 J, 55 574,27 9 
9687,70 39,0287, 52 39,8187, 1840, 18087, 040, 57 86,8 340,95 | 319 0,47141571] g 
9788,62 39,4308 8,44 4,2388, og go, 6082,91 41,00|87,73 3987 f 42214] 9 
9 5936535 40, 6489, 041, oa 88, 8241, 42 3853 1,81]83,46 42557] 9 
9 (409241190,26, 41,0689, 91041, 4489, 341, 8489, 84 42, 1143-01] 9 
1 140,07 91,18 14.1,4.7190,51 4Ts 871190, 6342,26 0, 4542,66 743. 
101 741,082, 09 47,88 1,7 42,299 1,5 42, 691,35 43,88 10 
10a. 3, 184 7, 493, 00 422 30192,63/4247 43311192225 8744,38 
0394, 1041, 9053,91 7342,713,5443,1293,3 514 3253; 93,10 17 7144»7 0 
104195401 |4-2, 3094, 82 64143+13194145j43» 541194+2 014 3:9 ot 
1099519314227 119 5574 14.3549 523 $143»99 44435, 7 
1066, 8543, 12% _ 6/4 3901991261449 3 96,07/44.80 9.5937 
110792. 043, 52%, 5 44+37 7» 17144230190, 145n22/96,77 
1088, 43,938, 4) 144+79]9 081459221197» $145+651197,68 
109}99-5$144+341995 3 $44 5420198,9914 5,0 46,07%8, 5 
1 104400, 51442740100, 3 504 7145362199,90/40,05199,09/46,4949949/46,92 
y | - — e e 
inen, 5101, 46, 3100, 846, 47 100, 646,9 1½100, 44773 10052 
t 421102, 345550110241 1 1076,89 2275 ea 101,10 
taten 325 OA, 025846, 861102,614.7, 31.102,44 12215 102, 48, 200 C2, P48, For, 
114104, 046,37 19359 303,747, 8U103.5 10 ts 81103, 1 400 "OY 0 
ung 6, 780,9 47,304, 67, 69 04, 448, 15104, 2 104, 049, 06103, 49780171 
$12161106, (8110 530147» 105,643, 11 1057348. 57105, 1 2 49,4904, 74 1 
$1271r0639147 3591 100,7143,061106, 548, 5206, 348 187 7 979 105,650, 380,458 r 
ers es,, A448, Alo z, 49,4 ½06,9 49,37 106, 50, 340106, 5 50, 77 10 
iges 48,0%, 543,971 108, 3/49, 3108,14 18773 530% 6050, 709,4 5251701 
. 12109 43, 11[1095449,29[1 092/49, ho,, 108,8 50,7 108,551.19 08, 3051, 85 2713/1 
Nele. ZR: Dep. Lat. Lat. Dep.! Lat D Dep. Lat. | Dep.] Lat. 
: "0 Min.” _ —— 30 Min, - 45 Min. o! Nn. 2 30. Min. | 15 Min. 
I &- F 


0 3. ru. 5 
2 — — bd Degrees. 2,05] 


—— 


112 TRAVERSE ,; . . . 
„5 26 Degrees Rs... Wa 27 Degrees © ©, 52}Sf 
| 181 © Min. 1 16 Min, + 30 ed. 45 Min © Min. 15 Min. T 30 Min. | 45. Min. 5 
DD Dep. | Lac, . 
| | | 0x45] 0,89] 0,451} 0,89] 0,45 0,8 | : 
0,09} 1,79} 0,901] 1,75} 0,91 1,78 : 
1,34] 2,68 1,35 2,67 1,36 2567 
| 1379] 3,57 1,88 3,56} 1, 82 3,56 
| 22 4347] 2,25 4446] 227 4445 
{ 2,08]. 8,36 2,70% 5,35] 2,72 3.23 
| 3>12] 6,25 515 6,24] 3,180 6422, : 
| 3757 114 560 7,13 3,63 ag 
505 72 58 223 1 13 18 4 2.85 
| | 444 7 5931 45 5791 43 58914, 57 
»87] 437] 9,84] 491] 9,82 4,95 5,50 4,9 9˙775 5,640 576 
Se „, 5,401, 5,451,6½ 5,9%, 64 
$7 11,63 82 11,61 885 11,58 990 11,56 5,911, 53 : 
1912, 53] , 5/1, 500 6, 3012,47 3 12,45 0,41 la 
56 354 6,0 13540 6, 7513,37 6, 13734 6,8 13,31 
1814,38 75010t4, 35 7508114, 32 | 29 7,201114,26 77⁴ 14, 22 75,334, 19 
| 12178 7745 73 755211 5 18] 7,65 5 3 ˙75 3 govt 2,7 N. 5,08 
18016, 18}. 7» „14 7:96|r6, wy 16,07] 8,1001 1715, 00 8 
19117,08 337,04] 8 ug 8,55 * 8,6 16,87 
917-28. 34771794] $1 6} 9,00/[17,82] 990 27). 
1118,88 9,8118, 83 "9937 18,75 9,45 18,71 9,53 f 
2324977 9,64(19,73 9382119,65] '9,90j[19,60| 9,99 
230, 67 0, 08/0, 63 0,54 1 473 10,44 
I, $7) 0 $2121, 52 1243/10, 80//z1, 3810, 90/1, 3410,99 1,2 x a : 
10,90 2,42 2,3317 22,2814,35 1,5 f, 13011, 5 1 
711 23,32 3522 11,7023, 17 11,80 12,01 3401 ta, 1126 
24,11 12,15 24,06 12,26 ' (12347 378 2 
1254912 5, 01 2, 60 14585 12,7 1% 24,84 
| $+90113,05112 5,041 13317 $372 
ö 2791! 3250 [28,73/13;62/26,6 6,61] . 
| 13-33]27,68/1 3,95 1 3,95|[27362|14407 
| 14328128, 58 14, 4028, 5 71475 
1275 9747 4.8 50 29,40 74,9802 
} The 39,36 151300030, 2915,44 30 
1 15,6231, 25ʃf ©9975 31319/15,59 
2 16,0632, 1516,20 32, 0816,34 
16,1 62˙84 16,65 7285 16, off 16,9 32,8217 
16,9633, 237,783,860 17,25 
| 17,25134»90[17>493433[17, 55113447 5[1 7371 
17,69 35»80 17,35 35,7218, 00035. 64 18,76 
18,1 35,69 18,2 36,61 18,45 36,53 18,61 
18, 58147, 59|13,74}37,51]18,901[37,42| 19,07 196 37-25 
19,0 48/19, 19138,40[19,35[|38,31 19,52 38,23 19, 33,14 
14. 19,4639, 38/19) 39-2919,301139, ,20\ 19,9839, 12/2 7 P9203 
| B45 91199 527050 9 40, 1 N 40,01 re 39-94 
3 | 1,0820, 7140 588 40,9041; yew 
| Bas Oz 180,7 2116004 nt | 41,7 21,521,669 
| 42315 79114 . gr 
| 12 305772 21,61 . gene 425 2 2 
1 32951 22,001143,909/22325143) i 3545 
| 22,511144 5512247014444 5122» 235 
I 2296114 5244/2311 514.593 £302 $125 
N 3 43,4104, 33h 3,6 104, 233,8 088, 14 
0 2386114722 24,06 47,1224, 277, 03 
| 8,43 247318, 124,528, 0124,73 47.91 
| a) 9733 24,7649, 01044,97/48, 90 5,1948, 
; 1255 5515042 1552 149,90) 5, 4249,78 5,6449, 68 2 5,8 
18 32 159323 
* $52153,23Þ4-99]5 1912 25,6 59,7918 8850,67 6,1050, 57/20, 3 
130 25 51,6826, 3351,59½6, 50151,4.5/26,7 
r 250 $3,043 + (Oe 2655 52,872 279 3245270 52733 772 
Legen | | $3» 34127547456 3,32 
FA Pep-fLar: [Dep. | Dep: F 
. 3 45" Min. 30 Min. f 15 42 Mins | 30. Min. I is Min. 8 
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62 Degrees 
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. Ar TABLE, 67. 


| 26. Degrees 40 27 Degrees | 8 
— * + 4 — 
9 Min. 7 15 Min. 30 Min. | 45 Min, 0 Min. 1 15 Min. o Min. 8 
Lat. Dep Lat. Dep. Lat. Dep.] Lat, | Dep. Lat. | Dep. Lat. Lat.“ Dex. Lat. Dep. Jas 
e 54,59ʃ7,2 54-47 27-46 54-35 a 27,69154923/2793/54,11/28,17 61 
$517 27»15/£5,01127,42155:49]7>66155,37/27,911|55»24/23,15155,12]28,39155,00/28,6 62 
366,62 7,62 ö gc 56.288712 35,25 28, 36 36,73½28 60156, 02 28, 8 55 5, 88 29,0 55175 29-3 63 
|- 64 $71 $255.05 cg, 3105,28 28, 5657, 1528, 8157, 0329, 0656, 9029, 30056, 77 2975 5[56,6 29,80] 64 
| 65158,42123,45|58,30 8,17/29,00158,04 29,26 57g 29, 51157»79/29»76157,66|30,02157, 52 30, 7 65 
6659,32 8,93059.19 9,1959079, 4 8,349.7 58 29,9658, 6830, 22058, 5 30,4858, 41030, 73 66 
675, 29,37%, ogſa9, 6 59-96 29789 59,83 30, 7659, 70 30, 42 59-56 30,68159,45130,94[59,29|31,200 67 
| 63 1529,81 ba 58630, 34400, 72030, 61 5575087 545031, 1460, 3231, 40060, 1831,67 68 
69 b2, 02 30,41, 30, Fab , 7530, 796 1, 62 31,0661, 31,3361, 34 31, 59061, 20031, 8661, 063, 1 69 
| 20 2,92 20.59 82,78 2565 37923 62,51 31352 62,37 31,7 62,23j32-06162,09 32,32]61,9 32,59] 70 
7153, 81 3712 63768 1,40 355437768 637403796 63,26 32, 23163, 12 32, 7962, 8333,06 77 
| 72 4171131, 56(64,58/31,84 54,4432, 13194» 30 32,4164, 15 32,6964, 01 33,2863, 72 33,5372 
| 73/8 5,61[32,0015 5,47 132132»57]95> 19132, 8665, 4.33, 144.90 33.7164, 6033,99 73 
| 74%, $1132,44160,37/32,7 56,2333, 0266,08 33, 3165,94 33,606 5,79 34,1765, 49 34246] 74 
ens, 8867, a) 1233,46, 9733,76 66, 83 34,0866, 68 3463166, 37134292] 75 
76198, 3133-31168, 171: $,02]33+91097,87/34z21 67,72 34,0067, 57 35-10]67,2+| 35-39 76 
771692213 3+75] 69,06 34-0 58,9734, 3658, 7734,66 68,6 7,34, 9 668,45 35,5868, 241 3530] 77 
75130, 17 34,1969 9.96 34, 5069, 8134, 8069, 65 35,11 69,30 35,47059, 34 36, 69, o336, 3a 78 
297,01 52637 0134: 94179, 70,3 5, 270,553 57 5670, 39 35,8770, 23036, 17½0, 0736, 48069, 9136,79 79 
38057,90035,07 71,7 225 89382471244 36,01 71,28 36, 3271, 1236, 39,63 0,9636. 94%, 8037, 2 5 
82,8035, 51/7, 22 35:$:172249/36,14 72433 36,46) 72,17/36,77[72,01| 37,0517 185|37:40[71,68| 37,72 
8273.20 35-9 73+ 54/30,27 3+38/36, 897 3.22 36,91 73,0637, 2352, 903,5 72474137 72, 5738,18 82 
$3174, 00\39, 3 74,4436, 714,28 37, 3/4, 12 37, 363,95 37:6873, 79038, 073, 62 38,337 3:46138,6 
34 2 936,827 5,3437, 15,1737, 4855, 1 37,81 74,85 $133,46]74+51133,79 4534139911 | 
55,40 37+20(76,24137, 566. 0% 32, 930 59 38,26 75,%½4 38, 5975,57 38,92 5, 40039, 2 5% 5, 339,58 85 
37770 7703 38,0476, 96 76, 8038, 71½%6, 6339, 476, 4639, 3876, 839,7 1½%6, 11040, f 85 
38,1478 75,93 38,4877, 86 39,1677, 85 7:35039, 8477, 17040, 177, oc 40, 51] 87 
38,5778 35 38,9278, 75 8039,61 78, 4139,98, 23 40,29% 8, 0640, 6477, 8840,98] 88 
39901179,82139,36[79,65 49,06; 79, 3040, 419. 1340, 5%8, 944 f, 1078, 27041, 44 89 
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De mnitions and Principhe. . 
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« BY, Globaler be 5 72 5 55 the . tin "ther the 


difference of latitude, difference of longitude, departure, courſe, 


or diſtance, from any two of them being 8 upon | Magn 0 


from the ſphezical figure of the Larth. Ys eh 


i. 


In'the preceding parts of failing, the operations were e as t 


the courſes and diltances of ſhips had been run on a plane or flat ſurface. 
But this cannot be true, as appears from Bock VI. Art, 2. To whit} be 
as farther proofs, it may be added, 1ſt. That mariners, as they fail from fo 
northern or ſouthern lititudes towards the equator, obſerve the ſtars about 
the poles conſtantly to .diminith, their alutude or height above the appa- 
rent horizon, 2d. It is alſo well known, that in eclipſes of the moon, 


the e Part is bounded by a gircular curve; and conſequently the 


body Which 7 s the made, or abſtructs the lch, muſt be bounded, by a 


. like cut ve. 


ut as this obleuration is is, cauſed by He Earth, conſequentiy 
its ſurface d be de 7 W Rebres 1 We mull 5 rae 


bular. r = 4} 24 4 q 1 is 
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_ _ 2. As meridians are circles on the terraqueous globe, meeting in the 
poles, it is obvious that any two of theſe circles muſt recede more from 
one another at greater diſtances from the poles; and at equal diſtances 
from both poles, or at the equator, the diſtance between the meridians is 
F R 


be true place of a ſhip at ſea depends upon its diſtance from the 
c equator, and from ſome noted meridian; and becauſe the meridional diſ- 
ttance, that is, the diſtance between two meridians, varies in every lati- 
tude; it is therefore convenient, that this diſtance ſhould be reckoned \ 
in a fixed latitude, and where the degrees are of the ſame magnitude with 
thoſe of the meridian ;. which can be only at the equator, where 60 nau- 
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which is to increaſe 


23. Now a ſhip failing from any latitude upon an oblique rhumb, until 
| ſhe has made a known departure, by the rules of plane failing, will reckon 
herſelf under the fame meridian, whether ſhe fails to the northward or 
ſouthward. But from what has been ſaid, this cannot be true; for the 
ſame meridional” diſtance, which in this caſe is taken as departure, will 
not ſerve two different latitudes on the ſame fide of the equator ; there- 
fore the common methods of plane failing alone are not ſufficient to ſhew 
the ſhip's true place, a neceſſary correction being wanted with reſpect to 
Ber nag. ET W DT 


d. For it being 
thumb lines in ſuch charts by right lines, where the meridians would be 
parallel, and the eaſt and welt 

uence the diſtances of the meridian in every parallel were equal to the 
Eben at the equator ; and a degree on any parallel of latitude, was of 


tte ſame ſize as a degree on the equator : hence each degree of longitude = 
in thoſe parallels was increaſed beyond its juſt ſize,” in proportion as the 
© equator, or its radius, is greatgr than the parallel, of its radius, = 


4. Theſe material erg againſt the ſea- charts could be removed 
dnly by adopting a di 
been hinted, ſome hundred years ſince, by ſeveral perſons, that the de- 
grees of latitude in ſuch charts ought to be lengthened as they approach 
.._ _ "the poles. . Accordingly Mr. Gerrard Mercator, a Fleming, publiſhed 
ce firſt chart of this kind in the year 1556, in which the degrees of lati- 
/- ,. tude were gradually lengthened from the equator toward the poles; but 
in what manner, or how the chart was conſtructed, he did not ſhew; 
neither were thoſe degrees increaſed in the true proportion. 


vered the true e mc which ſuch a © 0 
| e degrees of latitude as 5 approach the poles, in 
the ſame proportion as the degrees of longitude decreaſe on the globes. 
But: it was not until the year 1599, when he publiſhed his errors in Na- 


erent method of conſtructing them; and it had 


* ſhould be conſtructed ; 
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lines cut them at right angles; of conſe- 
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Thhe incorrect method of plane failing was a e founded on the 
manner in which the ſea- charts were at firſt conſtru | 


moſt convenient to repreſent the meridians, parallels of latitude, ang 
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55 vigation, that he ſhewed public] the princi les of the true e e 


the method of conſtructing it: but notwithſtanding Mr. Wright was the 


real inventor, the charts made on this conſtruction are called Mercator 


charts. However, as a true method of computing a ſhip's place at ſea 
does not appear to have been known till Mr. Wright publiſhed the ſaid 
book ; therefore, although the chart may not improperly be called Mer- 
cator's, from his being the firſt publiſher of a chart of this kind, yet the 


method of failing, called Mercator's, ſhould, in juſtice, be named from 


Mr. Wright. - 


6. The difficulty of conſtructing a true ſea-chart ſeems to have con- 
fiſted in finding a proper manner of applying the ſurface of a globe to a 
plane, which Mr. Wright happily accompliſhed by a moſt ingenious con- 
_ Ception ; the ſubſtance of which follows. LR TIO TIS TUNG”. | 


. Suppoſe a rectangular plane were rolled about the globe, until the 


| edges of the plane met, and formed a kind of concave cylinder incloſing 


the globe, and touching its equator. _ 


© 2d. Conceive the ſurface of this globe to ſwell (like a bladder while it 


RE 1 blowing up) from the equator towards the poles, proportionally in la- 


titude as it does in longitude, until every part of its ſurface meet that of y | 
the concave cylinder, and impreſs on it the lines that were drawn on the 


24. Then the cylinder, or rectangular plane, being unrolled, will re 
*® _ preſent a ſea-chart, the parts of which bear the ſame proportion to one 


another, as the correſponding parts on the globe do; and in which all the 
lines will be right lines. 5 . 


For in this formation of the HAutical chart, every parallel of latitude on 


/the globe will be increaſed till it is equal to the equator ; and fo the diſ- 
tance of the meridians in thoſe parallels. will become equal to their diſ- 


| tance at the equator ; conſequently the meridians on the chart are ex- 
preſſed by parallel right lines. e PER 22 


. Alſo, the meridians being lengthened as the parallels are increaſed, 
every degree of latitude is en in the ſame proportion as the de- 
therefore the diſtances of the parallels of 


| f 4 0 of longitude are inereaſe 
nnatitude become wider and wider as they approach the poles. 


OM conſequently be expreſſed by right lines; ſince none but right lines can 
cut ſeveral parallel right lines at equal angles. 5 . 


The econſtruction of ſuch a chart Mr. Wright deduced from: the fol- 
bas , oC n 
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EY 


An. As the rhumb lines on the globe cut the meridians at equal 
i angles, they will alſo cut the meridians at equal angles on the chart, and 
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g As the rains, | | . 

2 To the 2 ne of that latitude. | 3 „„ 

3 — DN s-è RAT 10 "Go Fig 1. Fl. XIII. Fr 
„ er rk tepteſtht the fourth part of a ſphere ; E bei ng the Watt „ 
nw. th per 0 the radius of the equator, AB the radius of a parallel of lat 
REED tude, Then the ares vn, red, will each repreſent a quadrant of a me- 
1 ridian 3 P4 is an arc of the equator, and ße an arc of a parallel of Jati- 
2 tude; alſo the arc Ds expreſſes the latitude, and TB the complement of. 
; the Jatitude, the right ſine of which is Ba. TONE (III. 3) 
J Now (II. 197) the circumference of a ns, thi radius of which is 
BJ | Ep, is to the circumference of a circle, the radius of Which is AB, as ED 
13 is to AB; that is, as the radius of the equator, to the radius of the * 
3 rallel; | er, as radius to the co-fine of the ſatitudde. | 
3 But like Arcs, have the ſame ratio which their circuinſefences "EAR 7 
INE © Be (II. 150, 197 
T And like arcs D'd, vc, are intercepted between the ame two meridians; 
S © Qerore--..--- — | 
A the equator | is to a tits: arc.in any ae of latitude, | 
As the radius, to the co-fine of that Tatitude. | 9 
1 3. Conor. Hence it is eaſy to conſtruct a table ſbewing the approach | 
FE ok two meridians in any latitude from the equator to the poles; > or in what 
= proportion the degrees. of longitude: n in every e 
pes 8 "PROPOSITION . 

4 8 Any part of a parallel of latitude is 1% 42 lite por! meridian 1 14. 
DS | weeds is to the fecant of The latitude of that paralle! J 


TE CR 22515 DEMON STAT x. See Fig: 2. Pl, XIII. | | 
i e PDE repreſent-a quadrant of a meridian, where, p is the. pole, and 

„ DB the radius of the equator ;-4B is the radius of a parallel of Jatitude, or 
„„ is the co-ſine of the layeude, the line of which 1 is BF, and lecant SO ; 
1 J 4 4 e's — oe od oi x Owe , (IH. 24). 


dp Or col. lat. 5 rad.: : rad.: ſecant af the fat. 3 in 980 W 1 
3 5 5 But col. lat.: rad. :: part of a parallel: like part of the equator. ( 7). 


1 Wy Therefore, part of a parallel of latitude, is to a like part of the equator; 
1 As the radius is to the ſecant of the lat. to that parallel. 
5 Now like parts of the meridian and equator are equal, as great circles. 
©, +. , Therefore any part of a parallel of lat. is to a like part 0 19 1 
> ag 9 to — fecant of 25 ae den e 
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e ö 124284 18 1 | (19 x. 
e PROPOSITION: m. 
| 0 | Ry We 15 % £3 1 


The diflance 5 any putallel of latitude (a) fab mY Weber is 1 | 
by the ſum of the . of all the arcs betwyeen the Dr and that veto bro 


5 el Nn \DimonsTRATION. 946 


Nos (6 oy radius, t to the. ſecant of the latitude A; | 
*"85 is «ditninifhed deg. of long. in lat. A, or a degree of that parallel, 
tö a degree of the meridian. | | 
But the degrees of latitude, or of, the” We ars to be 1 0 in 
| proportion! as the degrees of longitude diminiſh, _ IR 5 
Thetefore, As T4 Aus, to the ſecant of the latitude A; | 
80 is a natural deg. of the meridian, to a lengthened deg. in lat. A. 
Here radius being as unity, and one natural Jeg. as unity alſo, - 
The length of a degree in any latitude | is as the jecant of that latitude, 
or may be expreſſed by that ſecant. 
Na the diſtance of any parallel from the equator is the fum of all the 
. ficcelive ve arcs between the equator and that parallel. 0 
Conſequently che diſtance of that parallel is expreſſed by the fig Py 5 
the fecants of all theſe ares between the . 570 444 that parallel vb la- 
titude ß Fen 7 | 


— 


\ 


, % G* oo, Tat F x 4 125 e N . 

95 * ney * / N 5 — 4 2 ” 

2 0 4 8 A, 2 bane $444 e es * 
A Foo 5 . 


3 85 Hence it appeats that by the addition of the ſecants of | 
ſma}l arcsthe diſtances of the parallels of latitude from the Equatar are Meek 
obtained inn. of 5 5 
And theſe ſeveral diſtances, which are called. e, parts, being 
diſpoſed in a table correſpondiug to the Egrees and minutes in a quadrant, 
c farm a table of meridional parts. 
| This was. the excellent "Liſqoreiy: of the Alebte tec "Mr? Wright, by 
Which the, art of Navigation received greater improvements than by an 
thing that had been done before, the diſcovery of the mariner's compats 
excepted; and indeed, in this and other things, he ſo far perfected the art, 
that little elle Was wanted beſide an accurate method to find the longitude 
at ſeas G4 hene haye been ſince his time many eminent men, who have 
done much towards rendering Navigation more perfect; yet if the real 
uſe of their inprovements be ſtrictly conſidered, it will perhaps be found, 
that they amount ta no more than other. methods of performing the ſame 
operations; the nter 8 be 0 MESA: Nerweod and Dr. 
eus, only excepted. 4 3 
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7 12. MI. Wright 1 Fr table FAM the diviſion of the nautical meri- 
d or the table of meridional parts, as follows. 
The meridional f parts for 1 min. he made equal to the ſecant of 1 min. 
The mer, parts to 2 min. equal to the ſum of the ſec. of 1 and 2 min. 
Fhe mers parts to 3 min. equal to the ſum of the ſec. of 1, 2, and 3 m. 
The mer. parts to, 4 m. equal to the ſum of 9 mer. Parts of 31 min. 
200 the ſec. of 4 win. 


And N by a conſtant addition of the ſeeants, RO WE 1 


02 : , — 4 Y 
— e * ad b 
$a * * f g : 
: 1 8 8 3 * R , 
8 . 4 . 2 
EEE 0 0 = . 2 8 
— . : — - q : 
4. 0 4 7 g 
L * WM . \ 
U = 6 
* 


— ; 


235 GLOBULAR SAILING: Bock VIII. 


10 > Now although a table thus made is abundantly ſufficient for all nau- 
7 5 tical uſes; yet, had the ſecants of ſmaller parts than minutes been taken, 
the table would have been more correct. And therefore Mr. Oughtred, 
Sir Fonas Moore, Dr. Wallis, Dr. Halley, and others, bave been induced 
| to ſeek methods of conſtructing theſe tables with more accuracy than by 
the addition of the ſecants to every minute. 13 
. But a table of meridional parts conſtructed by the moſt accurate me- 
„ only ſhewed, that Mr. Mright's table does no where exceed 
5 te true meridian parts by half a minute, and this only near the pole; for 
| in latitudes, as far as navigation is practicable, the difference is ſcarce. 
ſenſible. . iq ES a nt oag, 0%, o N 
A table of meridional parts being obtained (ſee the table at the end of 
this book) the meridiztis and parallels of latitude for a ſea chart, in 
which the ſituation of places will bear the ſame proportion to one another 
as on the globe, may be conſtructed by the following propolition, =» 


* ir WES. 
To conflrdft a fea-chart, which ſhall contain a given number of degrees of : 


. 


Iatitude and longitude. - „ 
Bauppoſe from the latitude of 23 degrees N. to the lat. of 59 degrees N. 
with 80 degrees of weſt longitude from the meridian of London.ê 


f SOLUTION. _ _ 
_ 1ſt, Write the ſeveral: degrees of latitude, included 

- poſed limits, ordeily under one anoth 
TTT... ĩ ͤ ((C ; | Fr Nb: 

24. Then beginning at the lower one, write in another column, 
againſt each degree, the difference * between the meridional. parts of the 
leſſer latitude, and of that degree of latitu lee 

_ 34. Divide each of theſe meridional differences by 60, ſetting the quo- 
+. tients againſt their reſpective dividends, in another column; and 

5 theſe will be the meridional parts reduced to degrees of longitude, and 
will expreſs the meaſures of the diviſions for the meridional degrees. 

If the meridional differences to parts of degrees, or minutes; be 'want- 
ed, chey ate to be taken from ihe table of meridional” parts in the fame = 
mannebun: £07 04, 60utH N27 {ty . * 


I 1151 J&Þ 3-- 3 83G os in Pobidik 5 

Theſe three articles are exempliſſed in the following table; which,” 

although made to ſe | quato 2 degrees of 10 en 
although made to ſerve from the equator to 72 degrees of latitude, yet 
will ſerve for any intermediate limits, by ſubtracting the meridional de- 

. grecs belonging to the Jatitude-where the chart is to begin fre thoſe of 
all, the latitudes the chart is to contain: from the ſeverat remainders 
make a table, and thefe will be the numbers to be trant fer red ta the chart; 

a5 is hewif in what les. 
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tude, between the pro- 
er in a column, the greateſt being 


3 4. 
745 


t » * * 


* 0 
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y | * 0 . ; k Fs Ka * | F | i, I $ f Ls 7 % bc 7 5 8 3 } 2 
| . by wiidag he mera: parts 'bf the eas ar, "col 10 
5 dhe spparzenge of n bit of paper, of the ſame TE with the rabular fig Fes 3 
| then the number being applied to the mer. purts of the other d 1. e 
| 5 differences may be readily take. 5 92 d 25 15D 10 
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A Tanit for conflrufting a Mercator: Chart. 


2 


Mer. 
Parts 
1 
633 
524 
5966 


5474 


| n—_—_— — 


4775 
4649 
[4527 
14409 
4294 


3958 


Parts 


5795 | 96,6 
| 5631 
66 5324 
„1579 
5039 


46 3116 
4905 


3030 


4183 
640746 


3764 
3475 
3382 
3292 
3203 
2946 
2863 
2782 


2545 


$865 [64.4] 36 
3665 | 
3569 


| 1888 


1550 


1 [2502] 
| [2623] 4397 


2408; 


2318 
2244 


2100 
2028 


1958. 


1819 
1751 


161 


1484 
1419 
1354 


1225 


Mer. Mer. 
Parts 


2171] 36 


1684 


1289 


Ixer. 
* 


1098 


1035 
9973 


37 12393 


1161 
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of latitude ; for 70 de 


of degrees. 
N 74 "HA 1 
FX. Y * 5% 
Ne | * * > — ; 
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for the intermediate parts 
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But the chart beg nning at 23 deg. of lat. its m ridional. degrees 236. 


| are to be ſubtracted from thoſe Slots to all the latitudes to be intro- 


re are 22 ge in you TT 
"wn N 3 | 


or · + 


11 
fa ry 7 


1 —— M.-C 


| geg. er 
Pe 


* „ 
9 1438 29 6,7]. 
12628 536] 


F 1 
W 


1072 


9 

* 11 Fol 2 3 | 

Foo rey A ir TT}. 
IN dieſe nlexidiorial ahi 80505 ond The time "Re it for the 

Ke iongitude,' are applied 10 the meridians BC AD; fo Fhae W 

eridian extent of the chart al be 49;9 ſuch ae n the 


150 a extent eaſtward contains 80. 


», Draw lines her{cvegal 3 Ke latitude, 5 
e e . of 


diviſſons of PETE Will e meridians or parallels of longitude. 


er . 


latitudeg lines drawn through: rhe 


In this example, the meridians ad eng 115 N Nes every 10 | 


degtee e 25 2 
7th. From fome point of the chatt a as a a center, © the chumb lines be 

_ drawn: 2 a | S190 a bj \- Ihe : "WE i E r! x 

62: cine Binh a 540546} hin 4:14. 3 mack ge 3041 5 c Fre Þ> 

, Note, The difference — the meridional Polls 0 een 

e is catled the Mezipioxat:Di#vrERBNCE oF. LATrIr up to, 

diſtinguiſh it from the difference of latitude of thuſe to places reckon- 


oa 


. 
1 5 15 thus. conltructed;.. every, 0 5 3 be. "laid down. in its true 
paftstons with regard to other places, kacken sener une; with 


Aueh n as on N it(elt, the : difanges.of: the; 45 


and parallels of latitude having the fam proportign. to one 


bath. Thug, on the globe, the diſtance of . ä in the pottery 


of 60 degrees i is half their diſtance. at. the equator, hecauſe the, co-ſine oh 
2 degrees is half the radius (III. 24); ſo in the chart, at the latitude of _ 


G degrees, the. e eee latitude to 2 minute is double * 
2 e een of. lat HY bros ein nute from. the —_— 
ſec t o egrees 8 5 ane 
the like analogy holds i in DRAG SANG: a 730 251 
Now. as the N ee F . wo right, be . ug zt N 
angles pu. t Are * and, he 


lines 5 ſuch.a.q | 33 lasvice ae wel de woſt purpoles, 
hgh: we globe. 2 H _7 x 


EGS ie net the, &veral.lines-and 4 * i Gling by this 


art will be ſhewn 1 in the YN propoſnt ons. 255 
1 1 n 8 


S- alſo beigg right, 


| 15: 5 PRO. | 


ed in miles of the equator, which is Fes the e difference 4 lati- Fr 


latitu . 0 <. 
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a ſhip fails on any oblique rhumb, the proper difference of latitiide to Fa 
A oth meridional difference of latitude id the difference of longitude, 


- and the radius to the en of the Fa are har in * 42 ratio. "Ove 


„5 » 
by 5 «J * x 3 8 
_ g 9 4 . 4 > 


NN : 
* 4 * P = 2 8 r * b . Y 
T - w$ — 22 


WP 1. hs we” | 5 15 0 . 7 x * 


5 Dru AAT IO. 


e a ſhip "es P in the latitude of 30 deg. N. fails on n the rhumb 


5 ps, to s in the-latitude of 40 degrees north. 


Now becauſe ſhe has made 10 deg. of diff. lat.; 3 e == in the me- 


Haan, equal to 10 degrees of the e and draw o R ode dre 0 Ws” 
5 meeting the thumb Ps in R. 


_ Then Po expreſies the proper difference of ſuricude. 
on the departure. 
rz the diſtance failed in ne meaſure. 
.4.0PR is the angle of the.courſe,, | 
LI R is the apparent place of the ſhip. _ 
But having. made 10. deg. diff. lat. ſhe ſhould hoy in abs parallel of 4. 
degrees; : her place there fore, waen' corrected by W N will rd in S. 
Then gs will be the difference of Jongitude. - Jobs 201-096 e, 
And yq the meridional difference of latitule. J e 15 
Nov the triangles POR a //. ER > 1 
| Therefore „ GR . 5 2 e III. 167) 


Alſo: 20 ; 0K” 3 £ N n 1 85780 


; een. As the e diff lat; to the dee HP 
Seo the merid. diff. lat., to the diff. longitude. 
And S0 is the radius do the Hangs of the e courſe. 


PROPOSITION vi. 
© The A of the angles which different rhumbs make with the meridians, 


| are direcii proportional to the differences of longitude made on thoſe rhumbs - ; 


to equal meridional differences. of latitude : Or, are reciprocally proportional 


to unequal meridional differences of latitude on thoſe . when the aye | 
rences 7 Oe are oval dee Fig. 1. 1595 XII. | 


ON LE 'D E M Ons TR ATxon,.' 1 45 7 


1 W%, WW; Bs. the differences of longitude. made « on the Haba 2 Ms, 


"ay, to the common merid. diff, lat. PQ; alſo pw, yd, be the meridional _ 
non of ee, on "BF: ne: ORB to che yaual TAGS W 55 


ow Po: : 1 Ws Py _n_ RMS vs 5 ' 
„ Fan. 46) 
Selene 0 8 Bo: cv e (II. 155) 
Again. Dine R t, L e ö 
And 555 R e ge 2 Sor} (I. 40) 
© Then u Xqy=Paxt. Lav =p xt Lex. | (II. 162) 


eee PW oa 3 III. 46, 163) 
5 0 „ . 4 17 PR * 
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Ee, of longitude, will always be the ſame. See * 3 


mon degrees of the equator and draw 
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. [PROPOSITION VI. 


Fa ſhip ſails on ſeveral different rhumbs, the whole W diff lat. is 
equal to the ſum, or difference A all the ſucceſſive meridional differences of lat. : 


Aud the whole diff. long. is alſo equal to the ſum, or ferences of all the ſuc- 
ceſſive differences of longitude ; the ſums being taken whe 


they are of the ſame 
name ; and the nee when of contrary names. See Fi ig: 2, Plate He 


'$ 
Nn 


Iſt, Suppoſe a ſhip fails from E in the lat. of 23 N. wo Gin 758 parallel 


5 4 26 deg. N. Then t g=mer. diff. lat. and 6 g=diff, Jong. 


2d. To fail from & to H in the parallel of 28 deg. Thane 0 diff. lat. 


and 5 n=diff. long. 


Now R m=E g+6 h, is the whole diff. latitude. [a 
And m H nb h, is the whole diff. longitue. 
. She ſails weſt from k to 1: here ſhe only alters her longitude * 


Hz ſo that her preſent diff. long. is 1 1. 


4th. In failing from 1 to k, ſhe increaſes her dif, long. by K K, from. 


m tog Kk; and decreaſes her diff. lat. by 1 K, from E M to Eg. 


Sth. In failing north from x to Þ, the diff, long. p continues the 
ſame but the diff. lat. is increaſed by K , from E g to E D. 
Sth. In running eaſt from Þ to uu, the diff. lat. E p does not alter; ; but 
the diff. longitude is diminiſhed from p r top Mm. 

7th. By going from M to N, the diff. lat. is increaſed by M 13 em Ep 


to E 4; and the diff. long. is changed from p M, or 9 l, to g M. 


Conſequently the whole diff. lat.  q is equal to the ſums, or differences 


of all the differences of as 1 ; and wa ans of 7 7 60 the el difference of 
N e LH 


18. 8 PROPOSITION vin. 


off the courſe between any two places, outward and. ls be on the 
#ppoſite rhumbs ; then in each caſe the differences of latitude, e and 
late 3 


. 


D 


"ian 2 hip at a in lat. 25 toy: N. fails on one 8 to the Rh ; 
tude 40 deg. N. fo that at the end of every third day ſhe alters her diff. 
lat. five deg. or 300 miles; and returns, on the oppoſite rhumb, in me” 


9 ſame manner. 


Through the interſections 4 of this rchumbs with the parallel of every 
five degrees, draw, meridians; make a d, a f, each equal to five com- 
4 b Fe parallel to the parallels of _ 

Jatitude. 

Then are the lines a d the proper differences of latitudes outward to 
each third day's account, which muſt be every where equal; and alſe, the 
equal lines a f are e the differences of A home ward to the lie ac- 
comnes;. AE” | 4 


1 * 5 


Bock VIII. GLOBULAR SAILING. i; 
: The Ines 4 b outward, and 4 e homeward, are e the departures to each | 


. "third day's account. 


be lines 4 0 outward, and 4 e homeward, are the diſtances run to 
each third day's account. 


The meridian lines @ c outward, and a n homeward, are the meridional 
differences of latitude; and the welt and eaſt lines c @ outward, and 122 
home ward, taken on the parallels. of latitude, are the differences of longi- 


- tude. 


in each account, are equal to one another. 
Alſo; that the meridional differences of latitude, and the Arne of 


longitude, to the accounts between the ſame parallels of latitude outward: | 


and homeward, are reſpectively equal to one another. 
| | Conſequently the truth of the propoſition i is manifeſt, 
2 


Hi? - 


* 


The diviſfi 2 * the meridian line on the Mercator's chart form a table 0 of 
l 


= ongitude . to each minute of latitude on the rbumd 
_—_ line OY an 885 EIN 


the differences 0 
rees with the meridian. See Fi 8. 1, Pl. XII. 


| DEwowns TRATION. 


Jat's py NY a hub 5 degrees. 7 
I ben, ſince is at fight angles to . 
The angle Qyv= Z qve, each being half a right angle. 


Conſequently QY=QP..', . | (II. 104) 
ow rd is the ſum of all the meridiqnal differences of latitude den ; 


(11) 


the parallels through r and % 
And q is the ſum of all th differences of longitude between the meri- 
dians through Q and v. 

Therefore on a rhumb of 45 de rees, the ſum of all the en of 
longitude is equal to the ſum of all the meridional differences of latitude. 


but the ſum of all the meridional differences of latitude i is the ſame as 


che nautical meridian. 12). 


1 Conſequently, on a rhumb of 45 8 the 3 of — or 
XX ' - the ſum of all the intermediate differences of TIS to every minute 


the OY meridian | 


ot latitude, is equal to the ee Parts 0 
line. 


A ot 


2 


20. 75 as Philoſophical OT Fu No 219, Pr. Valley "8H given 


55 a x very curious paper relating to the diviſion, of the nautical meridian, by 
a method quite different from Mr. Wright's ;. and becauſe it contains a 


method of performing the problems of failing according to the true chart, 
by the help of Briggs's, or the common table of logarithmic tangents, 


without a akle of e aan 5, the anne of Eihat . is Frank 
_ annexed, | 


. Y 19 2 hun 171 . 


. \ *4 PEA... / " ; 4 1 * I 
% 1 15 * 4 * 45 0 7 : 91 {42 i 135 * : 0 4. * 5 £ n 0 4 . * 'P. p A: | f 


The 


Now 1 5 is evident from the conſtructioh that the triangles ad b, a fe, 


— 4 PIR rr * d 
T ef nn I rg inten rot ne > ee 


- Ww_ <> = ” 83 e 
Bo rr 


it equal angles (II. 95): B 
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The Doctor ſays :-* It was firſt diſcovered by chance, and, as far as I 


c can learn, firſt publiſhed by Mr. Henry Bond, as an addition to Nor- 


©: wood's Epitomy of Navigation, about the:year 1645, that the meridian 


te Ine was analogous to a ſcale of logarithmic tangents f half the cample-, © 
es mente of tbe latitude. Ihe difficulty to prove the truth of. this propo- 
. fition ſeemed ſuch to Mr. Aercator?? (an ingenious mathematician. 
then living; and) © the author of the Logarithmotechnia, that he pro- 
dc poſed to wager a good ſum of money, againſt whoſo. would fairly un- 
<<. dertake it, that he ſhould neut demonſtrate: either that it was true or 
ce falſe : And about that time Mr. Jahn Collins holding a correſpondence. 
<.vith moſt of the eminent matbematicians of the age, did excite them 


9 The firſt that demonſtrated the ſaid analogy was the excellent Mr. 

« James Gregory, in his Exercitationes Geometrice, publithed anno 1668, 
dc which he did, not without a long train of conſequences and compli- 
« cation of proportions, whereby the evidence of the demonſtration is in 
al great meaſure loſt, and the reader wearied before he attains it,” The 
 Dodtor. proceeds, Nor hath any one, that I know of, yet diſcovered the 
et rule for computing independently the interval of the meridional parts 


9 


« anfwering.to any two given latitu des. Wy 19 
The Doctor then gives the demonſtration of the ſaid analogy in a very 


\ - elegant manner; and draws ſeveral ufeful conclufions. But, as he con- 
feſles himſelf, he is too conciſe for learners z-and the writers on this ſub- 
ject have been no leſs ſo. In order therefore to ſet this affair in a clear 

| light, and to keep to the DoQor's' principles, it was thought convenient 


| : £4 | : ; | : 2 : e ; bay \; bY. - 
On the globe, the: rhumb lines oblique ta the meridians are ſpirals, which 
comMarntly apprench the Pele. Weg: 


©" $4 


53 2 e r * . * 1 th £4, 
' = AB. 8 0 1 ; a 2 q ; % 8 . 
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” 


In any place on the ſurface of the globe the rhumb running north and 
ſouth, coincides with the meridian of that place; the eaſt and weſt rhumbs 
are perpendicular to the meridian, and the other rhumbs are oblique to 
it; but this obliquity is the ſame under every meridian; therefore all the 
rhumbs, except the north and ſouth, cut the meridians at equal angles. 
When right lines are parallel to each other, a right line will cut them 
Lat not ſo, when the lines are inclined to one 

another; therefore ſeveral inclining lines cannot be cut at equal angles, 
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to diſpoſe of the fubje& in the following manner; but the propoſition 
may be proved from principles very different from thoſe which were uſed 
c be nnneth Mech RI om 4 


% 


except by a curve line bending toward the plate where thoſe lines would. 
| ow the meridjans on the globe, meeting in the poles, are inclined to 

one another; therefore the oblique rhumbs cutting them at equal angles, 
are curve lines continually approaching the poles. TENN 
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1 hire "IR on the globe. become ee irs in he, 7 LI 
2 MO on the Pl * A e f K £1 8 3. N late XIII. 
85 K \ 3k N ; | N 8 

ne Den on s ATN. N 5 Th MEN 


Let CARER 3 part of a ſtereogre phic projection of the here on 


the plane of the equator, where AkB is part of the equator, c the pole, 


CA, CD, ck, &c. are meridians, and thefpiral Ade VF one of the rhumbs.. 


No in every fler ographic projection the lines interſecting each other 


form ae equal to the angles en the. ſphere which they pepreſort, 


1 1 


(IV. 52) 


4 
Te N * Projedien of the rhumb Une A 4 2 f cuts the radii or 
meridians; AD, Ak, &. at equal angles. 


But this is a property alſo of the mopartional.£ F Woh d.. 22 1 


Therefore the ſpirnl rhumbs on the globe become proportional wire | 


in this projection. 


23. Cor- Hence the ee of longitude ab, AE, AF, Ke. thre 1 


eee of the ratios of the N re) c wa c C 6 Cf &e, of ws | 
| meridians to the radius „ 


** 


"oy © * 
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« The 3 | 1 16 4 | hae of, . tangents Ul Me the c conplenens 
75 the Mites eee fan, ihe ane , | | 


n 
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BY | DeMonsTRATION: 
1 Lol 


BP the 1 CADEB he part of the tereographic pr jection of of the 


ſphere on the plane of the nde as in the att propoſition: and on 


any rhumb let the points A, 4, e % &c.- repreſent 5 places on the 


globe, of which A is a point in the equator; then will D d, E e, F f, &c. 


expreſs their reſpective latitudes, and the arcs Ap, AE, AF, &c. their dif- 
ferences of longitude from the longitude of A; alfo © being the pole, the 


lines c d, C e, 0 ho &c. are the preJecuons of the complements of their 


latitudes. . 


Now in this 00 $6 lines c 4, 8 6 * Kc. are equal to the ; 
| tangents of half the complements of thoſe latitudes, - _ (IV. 38) 


And the differences of longitude Ab, Ak, AF, &c. are r of 


the ratio of thoſe Fa or of the lines £& Ce, 0% Ke. to the 25 5 


dius CA. 


Alſo the lengthened degrees of the nautical meridian line are the longi- : 
_ tudes of thoſe degrees made on the rhumb of 45 degrees, whether ex- 
— preſſed i in minutes, aeording” to dhe uſual tables, or. — 4. . as 15 


45 1 e 5 


1 3 1 — : ; 
* e * 2 * 1 . » q R vs 5 1998 Fa - \ 4 
* f | = 
— nn Ss 5 I 8 „ OE GI Sn en 149/97 + 7 bom he 6 5 ** 141 I 

5 L * ad i f 
* * Wee 3 3 3 
$$ ©. * * 4 - 97 \ 
PX ; Y CJ 4 & £ 4 

: 7 0 - 

% "I = a> Fj 
1 WW 8 * 4 i 1 1 Fa. * 


2 * 5 
* 25 
5 
n * 
W ** 
* * : * 
* 


9 


* = 
AE rr > Sat AT ER . rw AE SHO CS _ SY 


- 

r — — 07 TO " 
— Bs Bide oe A er ets 
bg — n 


n Er 


— 


- Cie dr ons ft noe et 
— 21 - >» 3 — 


_ 2 
„ Sratt't” Ana Penn: of, 2 


* . : » - 0 * 
C , - 
7 8 a yg 
a - 
f 1 . 
1 . - bl 
85 * * 


1 *© GLOBULAR: SAILING. Book VIII, 
2% Poem, 20. - 


* 


: 5 5 The logarithmic tangent of half the complement of any latitude in Napi ors 
> = + Griginal em, divided by 0,0002908882, &c. firft multiplied. by the ra- 
du of the tables, exhibits in minutes the change in longitude, which will be 
made on the rhumb of 45 degrees from the equator to that latitude ;' or the 
lengtbened degrees in the meridian line from the equator ta that latitude, 


, on on WEMWOGNISERAEIAN: . 
Ic ̃uhe differences of longitude Ap, AB, AF, &c. being on the rhumb of 
DIAS 4, logarithms to © d, c e, c f, &c. which begin from the radius, and 

+ -_ © © proceed from thence, in like manner as Napier's logarithmic tangents do 
5 r . Ty e (II. 229) 
„ Therefore his logarithmic tangent of half the complement of any lati- 
tude bears to his radius the ratio of the arc of longitude accompanying the 
" bw change of latitude to the radius of that arc, conſequently it is the ratio of 
tte number of minutes contained in that arc to the meaſure of the radius 
oO OO , . T3 0s Ns 
_ + Hence the logarithm will alſo be to the radius of the table multiplied 
by 0,0002908882, &c, (the are of one minute, when the radius is unity) | 
as the number of minutes in this_arc is to the meaſure of the radius 
. in minutes multiplied by g0002908882, &c, that is, to one minute; 
bor the meaſure of the radius in minutes is to one minute, as unity to 
; „% /%/%/% ²⁵w) d 1 5 ISS 
Therefore the number of minutes contained in the longitude, or the 
lengthened degrees in the meridian line, is equal to the logarithm named, 
divided by o, 002968882, &c. firſt multiplied by the radius of the table. 
5 2256. Cor. Napier's radius being 10090000, the logarithmic tangent will 
. be divided by 2908,882, e. | 9 . 


If the difference between the logarithmic tangents of half the comple- 

5 ments of any two latitudes, When on the ſame ſide of the equator, or their 

3 ſum, if one ich ve be north and the other ſouth, be divided in the ſame 
manner, the*'quotient thall give the meridional parts for the interval be- 

4 7 twieen the two lati:udes. oy DR ns AG Lit, RET EL IS 
„ {OR ee, .  Fanorn Te 
DO. Vin Brigg logarithms the index, or charafteriftic alone be conſidered as 

an integer, and all the ręſi as an appendage of decimals, the differewte between 
 - _ the logarithm of the radius, and the logarithm tangent af a, the comple= = 
ment of the latitude of any place divided by 0,00012633114, &c. gives the 
 mnanutes 4 the change of longitude in paſſing on the rhumb of 45 to the lati- 

| tude of that place, or the meridianal parts correſponding to that latitude. 


Bp 2.4 © * . . 
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E | Its | 8 F 5 | 1 8 7 ; 354 ben | PA | 1 . lo J Jin 3 4 _ 8 
1 Briggs 's logarithms thus interpreted are to Napier's original loga- 
. rithms, as 1 to Napier's logarithm of 10 (or rather to his lozarithm. of the 


ratio between 10 and 1) which-is nearly 23025851 , and dhe difference 


4 Wc Pits "hd NG 
; | 5 * The number uſually ſet down, as Napier's logarithm of 10, is more pro- 
=perly his logarithm divided by the radius of his trigonometrical table, HS h 
; rds the radix from which he railed bis logarithms. 
a 1 * d 
45 i re 


r 


— 


3 
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named art logarithms of — 3 tangents to the radius. There 
| 5 . 2908, 1 "af 88 
foro theſe divided by 4 71 e ee e 14, c.) will produce 
the ſame quotient, as Napier's logarithms aſſigned to the ſame tangents 
(which are the logarithths of the ratio of thoſe tangents to the radius” in 
his ſyſtem) divided by 2908,882 : this quotient therefore will be the 
minutes of the change of longitude on a rhumb of 4.5*, that is, the length 
of the meridian line. ot . 
228. Cor, If the difference from the radius of the logarithmic tangent, 
taken from any table of logarithms of Briggs's form, be conſidered as 
conlſiſting wholly of integers, and divided by 12633114, &c. in which ſo" 
many figures ſhall be efteemed integers, as are four ſhort in number of 
the logarithmic tangent taken, the index included, the quotient ſhall give 
the meridional parts appertaining to that latitude “. $ 
Alſo here, if in any logarithmic table of tl;e common form, the diffe- 
rence between the logarichmie tangents of -half the complements of any 
two latitudes on the fame {ide of the equator, or their ſum if one latitude 
be north and the other ſouth, be conſidered, as an integer number, and 
divided in like manner, the quotient ſhall be the meridional parts for the 
interval between the two latitudes, VVV 
N Scholl lun. . 
29. The numbers in Napier's table divided by 2908, 882, Sc. exhi- 
biting the change of longitude on a humb of 45˙ the tangent of which 
is equal to the radius, the numbers themſelves will expreſs the change in 
longitude on a rhumb, the tangent of which is 2908, 882, c. times the 
radius, and the angle 89? 58 49“; and if the logarithm be divided by 
10, 100, or 1090, the angle of the rhumb will reſpectively be 89? 4.8”. 
>x1”', 88” 1' 52”, or 71* 10 42”, which is the angle Dr. Halley has 
A „ - 
After the ſame manner in Briggs's ſyſtem, the difference of the tan- 
gent of half the complement of any latitude from the «adius divided by 
, 0012633114, &c. exhibiting the correſponding length of the meridian 
line, ſhould the index of the logarithm be alone conſidered as an integer 
number, thoſe differences will be the change of longitude on a thumb, 
the tangent of which is equal to the radius of any trigonometrical canon 
of Briggs's form multiplied by o, 001263311438, Cc. and the angle 
_©? of 26”, But if one figure beſides the index be taken as integet, the 
tangent of the rhumb will be the radius multiplied by o, oo 12633, Cc. the 
angle being o 4 205; if two, the angle will be 43' 25F” ; if three, the 
angle will be 7 127 0%; and if four, as Dr., Halley propoſes, the angle 
, Es 1 . 
- From the preceding propoſitions all the problems relating to the true 
method of failing may be accurately refolved ; and although they are 
Here all contained voce the general title of globular failing, yet as the 


© dtc. „ == 1 Fr Vs, . - 4 
— —— — — 8 — 2 * % a. an A y 8 r 


* I p K rä EI a . — _ — Rn. =” 2 23 93 "_ 9 — 
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„Thus when he tables of logarith s have eight places with the index, 


the diviſor will be 1263,3, He. but when the tables conſiſt of 7 or 6 places, 
the diviſor will be 126,33, &c. or 12,633, Ge,; and ſo on, 


0 common 
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A common cuſtom. has been to diſtinguiſt, different kinds, in which the 
; longitude is conſidered ; fo here, in compliance with ſuch cuſtom, it was 
| thought proper to tin the uſual forms, viz.” parallel failing, mille latt- 
REP * tude ſailing, and, Mercator's failing, or more oder Wright 5 fu 
5 . which are IN" treated * in the following ſections. | 


e 


oo ** SECTION 1. : 
5 Parallel Sailing, OT 


30. Pak ALLEL SA III O is the art of finding what 4 Aire a ſhip ould 


TSA rum due eaſt or weſt; in ſailing From the go «4, one 2 to "that 4 an- 
a ether place, in any parallel of latitudeQ. 


This kind of piloting is generally ud in conduAing a Tip to an :Mand, 
which lies at a conſiderable diſtance from the main land, or other iſlands ; 
and alſo on ſome other occaſions. 5 

The method of performing which is to fail to the parallel of latitude the 
place i is in, keeping a good account, ſo as to be certain whether the place 
is then to the eaſtward, or weſtward ; and alſo, if poſſible, to know the 

longitude arrived at ; and then to run due weft, or-eaſt, until the ſhip 
comes near the longitude of the given place, where ſhe is ſure to make the 


| pore required, . 
"ORE! com Sl in paralle] failing depend « on ta Ng 
pe „ got | RLE. ; „ 
5 3 1 . 7 Z LAS 1 4 
FP „ co-ſi ine of the Sake of any AE tt ESE * 
Soi the miles of longitude between. any two meridians, = Ts 


To.the diſtance. of thoſe meridians in that parallel. 5 
For - the demonſtration, ſee Art. 7. TY 


E rom OW, ſame propoſition i is eaſily deduced the following | 
N „ NU e eee 1 
| 7 A the co- ſine of one latitude, | Hed? = 
Is to the co-fine of another latitude; ; . 
Ce 1s a given meridional diſtance in the 75 2 pepe = D. 
= 


* 20 the correſponding meridional diſtance ih the ſecod pert "= 
1 33. A hence ariſe the following proportions. i; F 
‚ VVV : "Wis 588 . 
1 o 
| \ F 4 wi 7 a | 
| 0b $.6 e ee 


By w which an. the caſes that can, happen' in this kind if fling are teadily 
reſolved by the logarithms, and alſo b y the followin table, alculated for 
a difference of longitude or 1 degree, XY 60 nautical miles * Weben 


| -by the firſt rule. Thus, FL 3 

| As radius, to the co-ſine of a any latitude ; ſuppoſe oe; 650 8 

| So 60 miles of Tongitude, to the meridional Ji 3196, U 

| "Pi And; the like to thy other tue: 20608342024 $4 han OD as 
| 8 ; 

| | . 

| | 
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34. A Tas L E ſhewing bow many miles anſwer 20 4 degree of 
1 1 0 longitude, at every degree of latitude... 


* 
2 
* 


þ 


Tiles] Lat Wiles] Lat Miles] Lat] Miles Tat- Miles) Carl ler 


| | 


— — — — —— —— _ — —ñ— 


59,99 16 57.67 31 51,43 46 47,68 61 29,09 76 [1451 
89,96 17 57,38 32 30,88 47 40, 92 62 28.7 77 [13.50]. . 
59,920 18 67,00 33 50,32 48 40,15 63 27,24 78 12.48 q 
59,85 19 56,73 34 49,74 49 39-36 64 26,30 79 [11,45 
159,77} 20 56,38 35 49,15 50 38,57 65 25,36 80 [10,42 


— — — 


WH 


t . — — — — — 


59,67 21 56,01 36 48,54 51 37,6 66 24,41 81 | 9,38]-- 

65563 37 4792 52 36.94 67 23,44% 82 8,35 
59,42 23 |55+23\| 38 47,28 53 36,11 68 2248 83 | 7,32 
| 54,810 39. [49,03] 54 |35»27)| 69 21,50 84 | 6,28 
59,09 25 54,38 40 45,90 55 3441 79. [20,52), 85 | 5,23 
58.89 26 [53,93] 41 45,28 56 33,55 71 19 63 86 | 4,18 
58,69 27 53,40 42 44,6957 32,08 72 18,54 873,144 
58,45 28 52,97 43 43,88 58 31,79 73 1784 83 | 2,09 
58,22 29 52,47 44 43-10) 59 30, o 74 | 
57:95)| 30 81,95 45- 142,43)| bo 0. 00 75 115,53. go | 0,00 


— 
\© 
* 
un 
E 
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The uſe of this table will be evident from what follows : 


35. If the-meridional diftance is wanted to degrees and minutes, proceed 
_ thus: | . 

A Take the difference of the meridional diſtances to the given degrees, 
and thoſe which are next greater; multiply this difference by the given 
minutes, and divide the product by 60; then the quotient ſubtracted from 


the miles againſt the given degrees in the table, will leave the meridional 
diſtance require. ; 1 2 x 1 


5 a 
4 y_ 4 — 
rr A CEPT OT - 


ir = 3 


——— 5 


36. But of a meridional diſtance, intermediate to thoſe in the table, was 
given to find the correſponding degrees and minutes. 2 
Subtract the given meridional diſtance from the next greater, found in 
the table; multiply the remainder by 60; divide the product by the diffe- 
"rence of the meridional diſtances next greater and leſs than the given one; 
then the quotient being annexed as minutes to the degrees of the next 
greater meridional diſtance, will give the degrees and minutes ſought. 


xa. to the firſt Rule. . ExAu. to the ſecond Rule. 
Him many miles anſiuer to a degree In what. lat. do 46,08 miles naſiuer 
of long. in the lat. of 48? 260? to one deg. of longitude?s 


Lat. 48“ 40,15 miles. 


From 46,63, the miles to 499%. ' 
Lat. 49. 39,36 miles. 


| Take 46,08, the given miles. | 

The diff. is 0.79, which e (ors Leaves 0,55 ;' which multip. by 60 

| by 26 gives 20,55; this divided by|gives 33,00; this divided by o, 67, the 
5 gives 0,38 ; which taken from 40, 15 diff between 39% and 40%; gives 49. 

leaves 39,77, the miles required. So 3940“ is the lat. ſought. + _ © 
TTT OOO UE 37. Cork, 


3 


— 
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148 GLOBULAR SAILING. Bock VIII. 
27. Car I. Given the latitude and difference of longitude ; required 

| Exams. A foih in the latitude of 32 NM. ſails due eaft till her diffirence 

of longitude is 384 miles: Required the * ſhe has run. * 


IV ConsTRUCTIoN®. Fig. 4. Pl. XIII. 
From any point y, with the radius of go?, taken from the ſcale of na- 
| _ tural fines, deſcribe the are EQ; draw the chord EQ equal: to 384 miles 
taken from a ſcale of equal parts; and draw the radii PR, PQ. 1 3 
From the ſame point p, with a radius equal to the fine of 38˙ (the comp. 
lat.) taken from the nat. ſines deſcribe the arc AB; and draw the chord 
AB, the meaſure of which is the diſtance ſought. , © . IF 
| Here v repreſents the north pole; the arc EQ the equator; the arc an 
a a parallel of latitude; the chord EQ is the difference of longitude; the 


3 


. a 


5 7 ES; ; 
1 Eh * 


** 


r 


1 


x8 
3 x 
3 
| 


= eld ani the meridional diflance ſought; A is the place failed from, B 

aA 5 the place arrived at; and the radii PE, PQ, expreſs the meridians of the 
places fo failed from, and arrived at, ST. ONE 

= SR a . By Come UTATION. NS | ns 

| As radius = 9go* o 10,00008 - 

| +4" "SD. cook. Int. + 98 9,9092842 

| 00 miles long. = 384. © _ S$00g3 

. e WD) 0 miles diſt. 7 325,6 6 25,1275 

| © 4 ENT | 80 that ſhe has run 325,6 miles. N n | I R 

% . tt 

| ; Seek the miles to the given latitude z multiply them by the given diff. 

3 e the quotient divided by 60 will give the meridional diſtance 

| e Lo *** „ 18 

| "Thus. © T's lat” 32% anſwers 30,88 mile 

| > = __ Multiply 384 the given diff. longitude. . 

| N . 20352 e EN ks wat 

| BC... CO 5 e 

| 7) , a ae th ge I SE# 1 

| 1 . 60)19537,92(325,632=merid, diſt. ſought, . 

This and the conſtruction of the following caſes depend on the Ortho- 

| graphic projection + of the circles of the ſphere on the piane of the equator, 
that circle being the primitives and its center or pole repreſenting the point 

; into which the pole of the Earth is projected; conſequently the diſtance from 


dhe pole of any parallel of laticude, muſt be expreſſed by the complement of 
1 hat latitude. 3 | CO One | | AY 
: 9 N. his projeQion is farmed by ſuppoſing that any point on the ſurface of a ſphere is projected on 
a plans paſſing through #ts center, by a line drawn through that point perpendicular to the plane; 
which amounts to the ſame, as if the viſual ray came from an eye at an ;nfinite diſtance. | 
| | Thus in Fig. 3. Pl. XIII. perpend. lines throdgh-, 6, projet thoſe points in t, &, on the 
"FS Plane, 4 Þ & ; Therefore ſmall circles on that plane are deſcribed with the radii E,, == he 


__ Sheveof the arcs By ph, + "4 | ; | 
8 2 * A G ; " Þ* | 4 
* * 5 : i * 2 
; F #4 . . 1125 7 y | ' 7 F | 7 
; 5 | ». ' g - 
„N % . 
5 * 5 
7 * 8 
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8. Casx II. Given the latitude = meridional diſtance 3 require the 
4 erence of longitude. | 


Exam. 4 ſhip from the latitude 53® 36 N. ROOTS 10 150 E. fait 
due be fc. 236 miles: Required her Preſent langitude. 


By Cons TRUCTION. Fig. 4. Pl. XIII. 


From the point e, with the fine of 909, and the co-ſine of 535 36%, 
deſcribe the ares ka, cp. Draw the chord cpo g 236; through c and 
_ draw the radii PE, PQ; then the chord e . will be the 
difference of longitude. a 


* 


By CoMmPUTATION. PS | 6.603984. 3%. 
As ec, the co-ſ. lat. 53 '36' 0422664, | 
== To ex, radius = 96..00 10, 000 Long. from 10 18E. 
_— 80 ob, merid. dit. ="; 236 m. 2,37291 | Diff. long. 6 38W, 
| To 04 air. long. = 3977 2,5995 5 3 8 in; J 40 E. 
By the TA BI. E. f 


Find the eat diſtance to a deg. of long. in lat. 53 36/ ( 3 5), and 

make it a diviſor to the product of the given e diſtance by 60 
then will the quotient be the diff. long. ſought. 
Thus. The diff. merid. diſt. to 53 and 54, is 0,85 ; which multiplied 
by 36%, and divided by Go“, gives 0,51; this taken from 36,11, the merid, 
diſt. to 535, leaves 35,6 for the merid. diit. to 5336“: Then 236 multi- 
plied by 60, and the logon divided by: 3 565 n 39757 for the diff. . 
ſought. © 


39. Case III. Given the difference of jongittde; and its coreponding 
meridional diſtance ; required the parallel of latitude. | 


Exam. I what latitude do 384 185 of meridional di Nance anfver to. 
8 miles "of diff. longitude * | 


_ By ConsTR UC TION. Fig. 5 Wo ie XIII. 
Fr rom the point p, with the ſign of 900%, Jeferibe the are EQ; draw the : 
= chord £qQ=500, and draw the radii PE, PQ; make Ec=384, draw cs. 

parallel to E; then the arc AB being deſcribed * with the FO. PB, is the | 
"peut. of lat. fought.  _ VV 


| By CompuTATION. | 
| 'As n EQ. the diff. Rl . 2.55103 | 
To à B, merid. diſt. 2 384,” '2,58433] So in the n 39 49% 
So ye, radius ' = 9go%o& 10, oo 384 miles of merid. diſt. 
3 anſwer to 509 miles of © 
D FW PA, the 000 lat. = 39 40 L 36 1 odor 5 dS; 


the TABL E. 

The given 3 diſt, 4 . being multiplied by 60, and the product 

diyided by the given diff, long. 500, gives 46,08, the merid. diſt. to one 

deg. af long. in the lat. YE and * e 35, the latitude will be 
ane to be 39 #4: 

0 3: "RP 4850, Caf 


. N 7 
— 1 — 4 — — — 
* b 7 


. 
% =. | , ; . 
v / : 1 7 > 44 * — 22 
* * _ Ts n r 6 % 4 


2 es Ae 


latitude; required the diſtance of two other places, under the ſame meri- 


4% 30, deſcribe the arcs AB, DE; draw the chord AB=256, and grave 


and 42,8: then the given merid. ſtance 250 multiplied by 42,8, a 
diſtance ſought. _ 


| : different parallels, — alſo the latitude of one . to find the latitude 
of the other. 5 


latitude are they come to? 


. deſcribe the arc DE; draw the chord DE=216; and through p and E 


N will be the parallel of latitude come to, 


and the product divided by 216, gives 50,72 ; which (by Wen be found 
to be the merid. 1 32 "a the * ſought, 


. 
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40. CasR IV Gen the diſtance of two places in a given parallel of 
dians with the former, in another given parallel of latitude. - 
. From two poris in the lat, 32 20/ VN. diſtant 256 whe 1 
ſhips jail direftly north: How far are 115 diſtaut from one 5 88 when 
they come to the lat. 4.4 30 N.? | 


By Cons TRUOT ION. Fig. 6, Pl. XIII. 1 
From the point r, with radii equal to & co-ſines of 325 200% and 8 


PA, PB; then will the chord DE be the diſt, ſought. 


A \ By ComPuTATION. Me 5 

As Pa, the co-ſ. of lat. from 1 200 , 07317 

Jo vp, the co-ſ. of lat. in = 44 30 9.85324 
S8o 4s, the firſt diſt. = 256 • 240824 

To vs, the preſent dit. = 2161 _ 463755 


— — — 


By the TABLE. HOI 
"The inerkd; diſtances to 32 20/, and 44 30 (found by 35) are 5%7 


the product 109 5,68 divided by 507, the 5 210, 1 is the meridional 


41. CASE V. Given the 1 between! the 8 two Weta in 


Exam, If two ſhibs i in thi lat. 4 44® 1 N. 4 Hant from one ar 216 
males, ſhould both ſail direttly fouth, e their W 8 is 256 miles; wet | 


By Consrnucrion. Fig, 7. Pl. XIII. 
From p, with a radius of the co-fine of 44 30% the . failed 1 


draw 'PA, PB; continue DE till DF=256 3 through F draw FB parallel to 
PA, meeting PB in B; then an arc deſcribed from P, bas B and A, 


| By CompuTaTron, | 
As 5 firſt diſt. | 1416 


| 7 ET 
40 4B, the fecond diſt. == 256 . -2:40824 - 
80 vp, the co - ſ. lat, from =.-44 30 985324 
To e a, the co-l. lat in 55 32 17 992/02 
e By u the a 


To lat. 445 30 find (35) the mer. diſt. 42,8; this multiplied is 2 56, 


3 6 Other 


> — 
> 
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f 42 9 Other nel to reit the foregoing caſes 


Ex. I. What is the di iftance between St. Mary's in lat. 3775 757 NM. long. 2 | 
o“ V. and. Cape Henry i in lat. 37 O N. long. 76* 23 M.? 


As rad. : co-ſ. lat 37” oo“: : diff. long. 3083: diſt, * 


* 


eee ONT, 5 
As o. lat. g1 180 Tradius: : merid. 4ift. FP diff long 4238. 
— Anſwer. The preſent longitude i is 160 54 W. 


3 9 any. 


Hour finds ſhe has e ber, ane 8⁵ is 1 what e 0 e did 
an "RIES . 


X . 
© 4 * 1 
Ip 1 ” * * N p 4 * 
a a 
7 


As diff. long. 496: 'merid. ditt 35 1 ; 6h lat; 43 28%, 


1 


.of long. being 9 35', ſhould both ſail 2 outh 15 miles; how far were 
[they from "rb other when 0 ſet out, and alſo after they had run. that di Nance 9 

1 rad. : 00 lat. 475 5402 diff, long. 57 5: firſt Grid. diſt. 38 5 Sm. 

Now $36 miles = 13 50%; therefore the lat. come to is FR. $0; 

As rad. co-ſ. lat. 3358“: diff. long. 575 laſt merid. di 4 


Ex. V. 7 hat is. the aif " lat. between {209 parallels on diff. foes of the 


DESI Fr SO 
w_— 


— 
* 
— 


. n 9 — * 7 7 8 . 
n - Ax 64 are at ” 1, > 2 Das mo — _ 
LS tt I. N * . - — - - : . : 8 e P Fe 
ES ERS, ö r ä TRI FB he i re, Fon r 
+ 3 * * & ME tab.” DIET * A - $pEN «YL FI , bo 2 > ö . af. 3 . - - f 
* 92 * * x nd — 8 a W — - — a 7 2 a. . 4 . 3 bo — 5 a 2 D 5 
W c — 2 A RIS > enn Sto fs SR ˙ A 8 2 IN * þ 4+ wF. 8 Wy. - l . 1 a 3 2 ws «4: 8 * ; Ar. 5 
Ser . AAA ee SIRE: 3 x ; e CF 1 . 82 8 UE oth, IF: 4 __ "> =. n 
* Fr tage, ng fs F WAS \ "4. 88 8 YA a 1 — — a Cs = ö So. Hh ; * 
on 7 1 £5 . 1 2 0 5 * 4 - 1 2 N 006 £ : : - = = 7 WE Ze * p 2 
Fr * . £% N * e 2 SOR #25 * * 8 LS AE» 2 „ r pr 3 I 22 — 4 g 4 — . + 
rel — La 3 Ps, I g . f 4x "Hoot | 5.3 ICS. - BD ir Sou 22 Ny SS 8 LEE a : FEI — . 3 8 . 
A : | Ro 3 8 3 = 2 I. q \ = 2 * - = 
% 5 r 6 ? : a 2 , * . . 
* — - . > - g - 3 8 ory g 
> . ö = * 5 * 8 * K ” _— E . : * 8 K * 22 . n ** * — : 


— 1 
I 


"miles, and at the equator is x 352 miles  o& 


* 
_— 


As diff. long. 352: Touth. mer. diſt. 195 rad,: : co-f, lat. 56% 8. 
Then the ſum of theſe two el VIZ. 103 49 is the diff. lat, ſought, 


o 


V4 FA - 


by 8 e parallel to PER, and de parallel to o 
The difference of longitude and meridional diſtances ma- be dere 


_ 4 


| hey are thus uſed: 

Find the gives Jatitude on the Lale of chords, and right againſt it, in 
=o the ſcale of longitude, is the diviſion expreſſing the miles of . diſ- 
= - fangs it £ in that lat, to one degree of longitude. . 9 15 


4 


| Pn e miles: and ſo ba the reſt, 


Ex. I. A air from 30 Char 25 wg 2 26 5 miles; ; what lng. ts he 1 8 


Ex. III. 4 ſhip having run due eaſt for 3 40 ys, at the rate d 2 100 an 


Ex. IV. Suppoſe two ſhips in the parallel. of 47 54 N. tbeir difference | 


76, m. 


1 65 toben, between, the fame two meridians, the meridioual diſtance in Y 
1 northern parallel is 15 ABZ2 38 miles, in the Ae paraiig. is CDH=T 9 5 


5 
4 f 4 
5 
. 
i 
Y 
'q 
F 
f 
x 
* 
1 
| 
N 
7 
1 
1 
g 


1 diff. long. 352: north. mer. diſt. 238 rad. : wake 4 47 2 K. | 


| In this fours 8. H. XIII. p is the ck pole, * s is the ſouth ole; 
but the conſtruQion on one ſide of the equator is {uſicient, as is evident 


A. tapgents: to their e arcs, as well as ae 83 UL; x 95 | 
Among the natural ſales on the 77 e are Put which uſed Jointly, 


_ anſwer the end of the foregoing table : theſe are a ſcale of chords marked 
, and a ſcale of longitude' marked, Fe » ſanding cloſe to one another; 3 


us againſt tne chord 60 ſtands 30 miles the 19 81 50? pr 
04 1 SECTION | 


——— 
— — 


K 


— 


— 
_— — a 4vV 4% 


1 I. Samcs Sad 
PRE 


8 


4 9 | GLOBULAR. SAILING. e 


. n Gr 10 IV. 


n 


1 


"i þ 75 5 0 Middle Latitude and Mercator s EY 
by: ot Of M 2 Latitude ſailing. 


* 
* ** _ * * 


„%%% Mihai Lanta Ane 5 @ Sele of ſatoing the ear 
cafes Y. "eprops failing, oy the * ＋ Pome and FOE failing Je 


WP This athod. which i is not quite accurate, is  fougted on the following 
1 N eee E | . 


* 
3 


. The e is "ke; as a ADA diflance wy $5 latitude, 


12 ** is a middle PO 1 1 ee . Ts W ths _—_ 
8 arrived at. 0 


Nom although the choca? mean of the co- ſines of two diſtant lati- 
| tudes i is not the co- ſine of the arithmetical mean of thoſe latitudes ; neither 
is the departure between two places on an oblique rhumb equal to the 

diſtance between their meridians in a mean latitude; yet when the pa- 

rallels of thoſe places are near the equator, or not far diftart from one _ 

other, in any latitude, the error becomes ſa ſmall, as not materially to 
WE affect the nautical concluſions drawn from * foregoing ſuppoſition. 


2 ta. 
* 


EE This ines Sets to have been 1 00 on account of the eaſy manner 
in which the ſeveral caſes may be reſolved by the Traverſe Table, and 
where a table of meridional parys? is WAGES. T he eee 3 851 

| on the following! Fees | 
| EE Fen | Rune. 

| 7 45. If 10 places au are on the ſame ſide of the 8 230 the Jagtude 

Fs MES. 1 from to the latitude arrived at, and take half the ſum for the middle 

latitude; but if they are o e 1 half their difference is the 


- 


| OS wie Wee ? 
Em: 46 As the fn ne 5 the middle kunde, 514 e eee. 
| | 1s to the radius; 5 | YE Ceo f * - 44 2 — R. 
o is the departure, FFF 
To the Al of r . 

5 P 

5 At As ahi rodfine of the middle _ FM RENTS TOR. - 1s 
5 Is. to the tangent of the courſe ; . F. 
So is the difference of latitude, VVV 
5 Jo thy 2 of longitude, e A 


Tj rhe 6nd rule i | the fn as * n rule i in par le Gli which 
in ante Uo oo 8 | 215 al | Gling 
1 irn . & 2,4 , rat alien 


8 9 * 2 | 1 
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? | Demonſtration 7 the third pate. 

Nos TY" N lat.: rad.:: departure: diff. long. | 670 
Therefore rad. xdep.=co-(, mid. lat. x diff. long. 6 162) 
Alſo diff. lat“: depart.:: rad. : tang. courſe. II. 26) 

Therefore rad. x dep, =viff. lat. x tang, courſe. Ill. 250 
. Conſequently co-f. mid. lat. x diff. long, =diff. lat. x t.courſe. {1 46 
oy Therefore eo. ſ. mid. lat.: tang. courſe : : diff. lat.: diff, long. ( [ e 
From rules II. and II. ariſe the following proportions. I? 
NES 4D r. 8 5 
. : P 3 ts 
HG of D. . C. > 4% 22 „ 
t v. ES eee Blbex 


"Whey the 1220 Any the names they ſtand 8 in Us rules, 


* 
[ 


72 1 20 | 0 7 Mercator 5 5 ſailing. - 


© ® * * 
„ 


48. NY Br wp en RY $ SAILING 3s ; the art of reſolving the ſeveral eaſes of 
G lobular ſailing. by Plane Trigonometry, with the Bees a table of men 


| | dional party or of NE TO gens. 


— aaa; 


49: r E232 
8 merid. diff. lat. = M. M3: L :: R „ JO 
To diff. longitude ; 2 1. „ ES EN OP = 
80 is the radius, .. R. V 

* ker To A courſe. 1 N = T. TY "NE | | | 35 J 

5 3j Than 
As the prop. diff. 1. f.... hag en on opfraror gy 
To the departure; „„ WOT WK, WT 
| So mer. diff. lat. ö d 6 vg 
To diff. longitude . 8 „„ „ 

eee roles are ee at Prop. Iv. 3 15 . 

2 0 Fügt . | Re. I LF 31 

+14 "Ruxz III. 5 | Therefore „„ igs 
El « if log. tang. 1 = . 75 o 

of 515 8 og” ;. =. ae! 85 N, - 6 7 2 1 T AIP OT. 

$84 is a given diff, long. „„ AE wk 15 5 . 
To tang. courſe. 5 . 
'F or the demonſtration of this analogy, ſee Prop. 3 XI. 1 29) 
— — — — - — — — 


„ The lo tang. of 51% 30 09” is oog 3 its ar. co. is © glides. (I. 88) 
The bo art of this log. tang, anſwers alſo to 8 5% 8, 37”; and to 83% 32” 

475 and to 2 *r77 ; their indices being 11, 12, 13: 86 that at either of 
. thefe angles, the diff of longitude will be ſhewn by the diff. of the log. tang. of 
the half co-lats; failed from and come unto; obſerving that the number of in- 
Fer places in & becomes one more, Te each unit that the index is increaſed. 


4 
94 Cp 8 


x 


The computations in are performed by the following Ta | (1 5)- f 


a 7 


4 F we eget Es BAIT un SL 
A, — ret; Av ee — 


r 


Pr Sn 3 
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x kk GLOBULAR SKILING. Book VII, | 
= oP KORLEM,L 1$ 
0 FP Given the latitude) of two places ; 55 el 
I | | equered the meridional difference of latitude hetween theſe Heer. GY 
* C 9 When both places are on one ſide of the equator. "Of By 9 
1 För 1. The difference of the meridional parts anſwering to cach la- 1 
2 © nig bs 1e meridional difference of latitude required. . . *: 
| diffexence of the 98s tan ents of the half <6-latitudes BT 
vided! by = will give the meridional ifference of latitude required. | £47 
Exam, I. What is the meridional ale of latituds Peri hed Hand 5 
of St. Thomas and Gibraltar? | 4 
5 By che meridional parts. 5 15 4 | By t bs Ter: capers. | 5 
Gibraltar lat. 36% og! N. _ | Co-lat.==53® $53 x co-lat =269 37% 4 2 
St. Fhomas's lat. 0 O J Soclat. 9 4 x \eb-lat.=45 %o 
Merid. parts to 36 og © 2324 Log. tang. 10,00000 to 45 Oo _ 
_ Merid. parts to 00.00 5 I 2584 9, 70638 to 26 57% 8 
Merid. diff. lat. 3 „2324 2215 . 29362(2325 Tt 
* 1 5 58 N HEAT! We i N 7 5 „ WES l Wd 4 41. LF { 
A e mi. © 65A £5 — 7 
. : ETD N 33 30 0 94 | 
(8 \ l 4 0 : I-44 Cod Dani; WY | -1 1 E 879 ant 7 "RY | A 
8 | b I. What i is ie meridional 2 erence oof nine; befween the 23 "8 
ard and Cape Ver? 8 1 
By the meridional parts. 4 8 By ihe log. fangents. E 
; C. Verd's lat.  14* 47 NM. © |Co-lat.=75" 133 x chat. =37* 363' . Wl 
20 Lizard's lat. 49 57 N. |Co-lat.=40 033 + co-lat.=20 014 1 
7 Merid. parts to 49 57 3470] Log. tang. 1950668 to 37 36; mm 
Merid. parts to 14 47 897 Los. tang. 9586 6166 to. 20 OI; 61 
Merid, diff. lat. 5 S 2553 00 ? 12,63) 32882025 s mf. 1 
53. Cas II. When the 1 places a are on different fides of the > 
equator, Y_ HOTEL 2.55 Is eo? e 
RurE l. The fum 5 the meridional Ae anſwering t to A latitude 
will be the meridional difference of latitude, required. 
 RvLE II. The ſum of the log. co-tangents, abating the index, of the 
half co-latitudes, divided by 12,63, will be be the meridional lege of 
latitude required. 
Ex AM What is the ae ine 4 ference of latitude Ee Gipe Vr, 
nid the land of St. Helena? neten . 
7 By the meridional parts, — —— 1 the log-tangents. — 
C. Verd's lat. 4e 47 N., Co- lat. 13.3 r 3620 
FROG St. Helena 15 57 8. Io, lat. 74 955 A cola. 3 20 
y end. parts to 35, . 6 Log. ci. , 11332 % 37 
0 3 parts to a4. ” Wt 3974 | Log, cori. 0,12223 0 37 © 
| 4 1 8 Kein ae 
Mexid, diff . 1 5 N e 12,63) 15 „ 
deck „ * PRO- 
» 
1 0 25. 5 
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PROBLEM. II. * 


54. Given the lat. of one Place, and the Mari. af- lt. Ban *. and _ 
another place: "+ £0 
Required the latitude of the other place. | j 


4 


Cask I. When the given lat. and mer. diff. lat. have like names.” * ; q 
RuLs I. To the merid. parts of the given lat; add the given meridi- | 
onal diff. lat.; ſeek the ſum in the table of meridional parts, and the cor- | 
NEON degrees and minutes give the latitude ſought. - ; 
Korx II. Multiply the given merid. diff. lat. by 12,63; ſubtract the 5 
product, rejecting all to the right of the Sth decimal place , from the log. . i 
tang. of the given half-co-lat. ; ſeek the degrees to the remainder -among 
the log. tang. and'theſe deg. doubled give the co-lat, required. 


Ex AM. A ſhip from the lat. 14 4% N. ſails northward till 2 finds her | 
me diff} lat. is 2578; what dak, e is ſhe come to-? ; 


= £ 
— 2 


"Ip meridional parts. B tangent. | 

. 10 the Tat. 14 43. N. | I | The co-lat. 275 177 J co-lat. 37 38. . 
The mer. parts = 893 N. And 2578 multiplied by 12,63, gives F 
Add mer. diff. lat. = 2578 N. 32560, 14. 4 
„ — From 9,88707 = log. tang, 37? 36. f 
The ſum is 115 8478. eee nne ] 
Which * to 49 58˙ NE Leaves 9,5614 log. tang. 20% or. 1 
-The latitude 8 „ | { 
)))%%%%ͤͤ doubled i is 400 O2 . „ 6 

SE Whole comp. is 49 58==lat. ſought. 8 


45 Car u. When the given lat, and meridional diff. lat. have un- 
| like names. | 
RurkE I. Take the difference de the meridional parts of the given 
latitude and the meridional diff. lat. the remainder found in the table of 
meridional parts will give the latitude fought. _ 
Ror II. Multiply the given meridional diff. lat. by 12,63; add the 
product to the log. tan. of the given half co-latitude, the degrees anſwer- 
ing to the ſum, conſidered as a tangent, ug ee gives the nei FLY | 
tude require. | 


* 7 


Exam. A ſhip from 98 latitude 49? 37 N. ſeit ue. 11 her me- 
ridional 4e lat. 1s 2578 what latitude is fe come to ©. || 


E By meridional parte. * By log. tang nts. 
To the lat. 49% 577 N. Coat. 40037; at. 200 01. 
The merid. parts _ == 3470 N. And 58 ssc 8 8 8 
Suodt. merid. diff. lat. =: e e 2 log. nung 2000 · a 
5 Remain merid. parts . 
| — sum — tang, 37? or- 


— 


Pl ö = 
+ kF 3. 5 
* 


F 


Which ere to 14 42 N. 


The latitude come to. . to: Which doubled'i is 759 1865 ME IST TG. | f 
2 8 n en is 7 94185 5 | 2 
FITS —— 
| * That! is, at all below the number of places 3 in the tables uſed. 
P R 0. 
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PROBLEM- II. 


86. Giren the-latitudes and longitudes of two places: 1 
ERequired their bearing and diſtance, <A 


Exam. What it the 7 and diſtance from qr: Car! in 22 to the 


n 8 3 


/ 
| 22 7 St. Mary, one of the Azores ? : | 1 

| „ :By Myappis Lavivups. SAILING. 3 {has | 5 
„„ C. Clear lat. 51 . TE þ Lenk, 8 1-5-4 © 
Dif: . 5 1 14. 8g m. vir. long. 5 1022910 m. | 1 
| bum of the lat 88 18; Midd. lat. 449 00 3 Co-mid. lat 45% g1' I 17 4 


By Co NST RU T ION. Fig. 9. Plate XIII. 


Draw Be rin Ap; deſcribe the quadrant A mp with the ſine of 
907, and the are EF with the co- ſine of the middle latitude. Make te 
chord mz equal to 910, the diff. longitude ; draw AB cutting. the arc EKF 
in F, and draw the chord Er. Made ap equal to 858, the diff. lat. draw 
DC parallel to A p and equal to EF: and draw Ac. 

I un. Ac is the CES; and the angle DAC is the courſe. 


. ) By CompurarTioOn. e 

* | FEE I the gag. „ For the Diftance. 

5 ES ii 88 (47) n. e : ap : 2 AC. 

A. dg. u.. 358 7.06651 As co. . cour. = 37 16 0,09918 
To diff. wy ff. S = 910 2, 95904] To diff. lat. 5 888 2,93 349 
So co-f. m. lat.. = 4% 09 9.858830 So rad. => * 99 o 10,00000 
To ng: our. = 37 16 9.88138 To dit. = — —— 

ee n 


Þ 


"x1 CET oY 1 By the TRAYBRSE 3 3 


| yh With the co - mid. lat. found among the degrees, and the diff. lon- 
1 gitude, or ſome part of it (if the whole is too large), taken among the 
3 ances find the departure, or ſome part of it, in its column: 


. 18 Ne e multiply this r of. the 1105 number the diff. longi- 
7 Y tude was divided by. 


2d. With the A lat: ad tas: together, or ite like parts, find the 
| . courſe nes e degrees, and the diſtance in its column. 
| Let the diff. long. 910 be broken into parts; VIZ, into 100 taken nine 
times, and into 10; And AS the dor mid. lat. is 45" 51 or 4535 proceed 
” bus: 8 * 
5 5 The departures to x00, in the Colds of 459 and 465 are 70, 7 and 
| 8 719 5 the diff. is 1,23 5 parts thereof is, 1,0; which added to 30, 7 makes 
17, for the dep. 'to 100; and for f it will be 645,3. Allo, the de- 
. partures to 10 in the columns of. 45* and 46%, are 7,07.and 119; +.of 
their diff, 1,0, and this with 70 makes 7517 the dep. to 10; 
Whole dep. 652; 5. 
"Now tike 2 EA of the diff. lat. 8 58, and of the dep. bras, VIZ. 4350 and 
Neb. * will | be. e weer. under 37” I 5% for the courſe j and 
5 8 bens . Nen 
| 


* 


* - 
* . 


draw Ak. 


GLOBULA K SAILING 


Book vil. 157 1 
between 53 0 54 diſt.; 6 539 3 3 which taken 20 times _ 
1078 for the diſtance. - 
$7- ? 7 . PEP * 5 
. Clear long. % g W.] Lat. 51 18“ | Mer. parts 3897 
| St. Mary” * 25 OO ub Lat. 37 o | Mex. parts 2393 
Diff. long. Is 10 Diff. lat. 14 18 | Mer. diff. lat. 1204 
Or 91⁰ miles. oer 858 miles. 5 1 N | 


By ConsTxucTiION. Fig. 17. Plate XIII. 


Draw the meridian as,” and deſcribe the quadrant A m p; make. AD | 
2858, the proper diff. lat. and AB 
draw pc, BE, parallel to a 95 3 make BE Aer to 9 ro, the diff, long. a 


1204, the meridional. diff. lat. 


Th 


Then A is the place of Cape Clear, o that of St. Mary's; Ae is 5 the 
diſtance, ep the departure, and the angle DAC is the courſe. 
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2 V 
— 2 
1 


WE 85 ah IVY 


FOE Do 
As 1522 
Tow 

$0 diff. long. 910 
To ng. cour. He 1 


Thus taking 


x 


1 hk 


(52) 
6 81759 
10, 10151 


2,95904 | 
987814 


— — 


| 


By the TAT i 


Seek the 1 diff. lat. and diff. long. together, as if they way 1 
diff, lat. and departure, and the courſe is given among the degrees,” © 
Then with the courſe and proper diff. lat. find the diſtance, '* © 
; Zth of 1204 and 910, viz. 60, 2 and 
ſound together under 37? oo for the courſe,  - | 19 
And taking th of the di 


Cour AT! 0 N by Meridional Parts. Wes 
1 For the 1 | For the Di Hance. e 
e, ee (400 ain 2 eet'F*" 
As mer. d. lat. 1204 1 As co- ſ. cour. = 37 _ 0.09813 
To diff. long. = 910  2,95904 . d. = = 858 2,93349 
So rad. == 45 oo 10,00000|S0 rad. 5: 99? oo“ 10,00000 
To tan. cour. = 37 o 9.87841 To dil. = 10% 3703162 
Courorarion by Lagarithnic Tanga e. | 
iQ "Cavs ax 3% 18“ Co-lat.' 38% 427, . £ co-lat, . 19% 21. 
St. Mary? s lat. 37 oo Co:-lat. 53 09. - + colat, 26 30. 
To co- lat. 200 300, its jog. tang. = 9.69774 
To <o-lato 19 21, its log. tang. = 9.54532 
5 „ Ditkerence = 1522,2=6, 


ESL PEER 


> Fi the Diflance. 


The diftance will be the fame as : 
in the former computation z' for the 
diff. of a min. in the courſe will not 
cauſe a diff. of a mile in the wad 
of the two INTE, run hos 21 


L 1 4 * 4 
121114 


8429 df bs 


14 


2 man! 


they will be Þ 


A. lat. 858, viz. 42,9, and the courſe 37 07 | 
gives mor 5 * we the ws which taken 20 times 5 gives 1076 diſt. 


PRO. 


wy 


x an 


ä—— x „zʒj 2 EZ — 
- 


+66 


A Exa M. 4 ſhip which had taken her departure from a place in latitude 


make mc equal to 33* 19/, the courſe ; draw Dc parallel to a p meeting 


45” 81, deſcribe the Arc-EF 5 in which apply the departure DC, from E to 
F: draw AB through , and draw the chord W © Lg, +: 


_— PSIG, WAGE CR IO RATS FRA At; Os — 041 —ͤ—y—— — » EPI 
" 
* 


ture, will give 3955 in the column of diſtances; which being multiplied 


GLOBULAR} SAILING: Book VIII. 


mg. © 2546) WER BEL, UE 1P; = 


58. Given the bearing and latitudes of two places. | | 
Required the diſtance and difference of longitude. __ - 


TY 
* 


37 O N. longitude 22 567 W. fieers N. 33˙ 197 E.; and cloudy weather 
coming on, ſhe got no obſervation till eight days after, and then found herſelf 


in latitude 51* 18' N.: Required her true diftance and preſent longitude, 


| By Mippit LATITU DE Sattings— 
"Depart. lat. 37 oo” N.. i Sum of the latitudes * 38“ 18 
_ Preſent lat. 51 18 N. * a | 


—— — 


i ,, , r 5 
Diff. lat. 14 18 858 m. ; . 3 


„ Cons TRUC TION. Fig. 10. Plate XIII. | 
Draw the meridian ad=858, the diff. lat. deſcribe the quadrant a np; 


the rhumb Ac, drawn through c, in m O: with the ſine of the co- mid. lat. 


Then is AC the diſtance run, and m B the diff. longitude. a | 
Ns TR -, By-CoMPFOTATION, 
For the diflance. | Fer the diff. longitude. © 
t AGE TC rr „ 7). 
As co-1. cour. = 33% 19 0,07798|As co-ſ. m. lat..= 44% og' - 0,14417 
Todi lat. 858 # --2,93349 To tang. Sour! = 33 19 9,81 776 
So rad. 9 οο 10, 00000 So diff. lat. = 858 293349 
To diſt. = 1027 3.01147 To diff. long. = 786 2, 89542 
| rey WELL SD ' Now 220 56/ W. = ep. long. 
Rot 650786013 06 E. = Diff. long. 
. e 15 e '9. 50 W. = Pref. long. 
x By the TRAA VERSE TABLE. a 


by 20, gives 790 for the difference of longitude, © 0M 
. . 509. By 


Bock vs GLOBU LAR 8311 NG. 


By MERCATOR' S SAILING, 


69. 


2 . lat. 37 O0 N. 
Preſent lat. $1 18 N. 
Dif. lat. . 14 18 = 858 m. 


AD= 858, the proper diff. lat, 


k . 
* 


Mer. parts 
een 


Mer. parts 


\Consraucnion,. Fig. 18. Plate xIn. 
Draw a meridian AB, in which take AB 1204, the mer; diff lat. and 


459 


2393 
3597 


1204 


® % 1 


Deſcribe the quadrant A m p, and take 


me=33" 19% the courſe : through B and o, draw BE, Dc, parallel to A 5. 
1 the rhumb drawn through A and c, in the points E, c. 
. . is Ae the diſtance, and BE the diff. longitude. 


\ ComMpUTATION. by Meridional Parts: 


4 


al . 


By the TrxAYAREE TAR. 


* the 4 ance. For the . lungitude. 
„ CAS: ͤ K . OE M L. (49) 
As co-f. cour. = $ 3* 1g' 0,07798| As rad. = 92? Oo 10,00000 
To diff. lat. = A5 2,93349 To tang. or 34 15 9.81776 
So radius ze of, _  10,09000 So m. diff, lake = — e ——063 5 
To dift. = 10 3,01 147 Xo diff, long. = 79 | 2:39839 

© Now if frow 232 56 OW = Dep. long. _. 
4 6 There 55 ores 60)791 (13 11 E. S Diff. long. 57 

l „ Then 9. 45 We = * : Pref. long. 

. Con PUT A TION y Logarithmic Fangents 15 
8 lat. 370 N. Co-lat. 53 oof 7 0 co-lat. 2630“. 
Preſent la. 51 18 N. _ Co-lat. 38 42 7 co. lat, 19 .21. 
"Ts + L 1. 5 260 300 its Jog. tang. 969% ꝶ —ꝛ : 
_ To 2 co-lat.. 9. 21, its log. tang. = 8 4 
| | . 8 921 
28 ne, | Ditkrence N 1522,20 a 

"ms the' al Mance. ff. 807+ longitude, 925 

ſin. C Dca : AB: 8-3. ACo n r „ 
33 As x * 9789849 

OE, „ oo Too 2 1522 3.18241 

The diſtance is found as above. So tang. cour. = 33 19 9.81776 

e x}, To diff. long. = 791,8 ee 


3 gane among the degrees, and the gif. lat. W in the co- 


lumn of lat. find the diſtance in its column. 


Wich the courſe among 


hs 


the degrees, and the mer, diff. lat. in the co- 


lumn of lat. find the correſponding, dep. and take it for the diff. long. 


Now 2 
4259 and Sch. 


hof 8 58, the diff. lat. and. of -1204, the- mer. diff. lat. are 
Then, under 23? 15',.the diff. Jat. 42,9 falls between 51 


and 52 in the diſtances, take It 51,53 Which multiplied by 2) gives 1030 


for the diſtance. 


And under 33* 1 of the mer. diff. lat. falls againſt 39.48 of departure 
Which multiplied by 20 gives 78056 for hop diff, OY: ; 


— 


PRO- 


ge ronuran "SKELING | "Boo vm. 


4 * 
* 128 wa 4 * : 4 
% _ 
2 1 BI 8 b . 7 
— \.# — wo a C ; \ \ 
all 8. L N - C2, 2 8 ? 


950 800 8 * 3 E and Aden e, en rr 

987 . 9 other latitude and diff, longirades*” „%% FS AY 
& A Ni te Ry + ad SEL ITON 

ExAu. 4. fri takes her departure from a 257 in 220 31 1 18/ N. hong. 


: .; and fur, S. 33 08/ W. oy Ar run 0 988 eh d 
xe ent latitude and hglt. I rr ea 


* 1 2 . . 4 K - 3 * 
2 = 1 * TS Va "= 
l a o * 3 » Gf: 5 


of Pay "of 57S Mip pr Larirops Satte. 51 5 * 
we = By Consrnvction. Fig. 11. Plate XIII. 


4 2 87 the courſe: in the rhumb drawn through c, take. rating 


ance : WAP: CD parallel to AP, meeting AD in Ds ; ww 

* N ae n 
8 4 £5; 941 T x, By ComyuTATION: | a 13 l . 
„en Par hee Now 519 18” N. = Dep. g's: * 

r Ae bin. 20. AD. | [170% 17 8. = Diſt, © 
As rad. 290 00 o 10,6000} 91 

... = 1024 3.01 37 on Nom Preſ. lat. 

| 


So co-ſ. cour. = 33” 3 29293 


. % | 1 1068 56 = Sum of the lats. 
| To dif. lat. 2 857, 12 293323 815 , | 


gÞ' +55: 
Fur the & longitude. r Ry 5 
* . 25 n 7 e . 
„ lat. p 5 * e 2.4 "3 ; 
RF ne) 8 . 725 Then in the arc EF: deſctibed 
Se | = = 8575 2:99323] with the ſin. co-mid- lat. 45 5“. 
5 —ſapply op from k to F: through r 
To diff. long. - = 780,1 2 2,89213 draw AB, cutting the arc me p in B; 
"THER —|then, ms being drawn, will be the 
No-] "> 50. W. Dep. long- diff. dont Tong. Eo 
460). Lane (33 50 Wee OR Ms | | 


wn 
uw 
— 


1 — 8 "Fw + . | | 6. a} | 4 1 . 
1 2 Nr 14 4 25 75 ROS LY ; . 4 
Te "| . 5 1 RE 
WTO *+- $- 9 5 TI'S | . | 
—_ * gs Fe hd X f . 7 4 | 75 
V By the Tabs TABLE. 


Wich the courſe ſound among the degrees, and the diſtance in its C0- 
Jumn, find the dep. and diff. lat.; and hence find the other lat.. | 
Seek the c- mid. lat. 5" 12 5 e aer dep. in lis column, 
qn, he perl nding. diſt. is the diff. long. ſought... os 7 
2 hus. Un Under pes 9 23? 15/, and — — ihe Gs SHS ugh. i 
th; part of 1024, ſtands lat. 4 dep. 28. F 
Then 42% KO A m. 14.14%, the WE Le Aa 6g. 
3 the preſ. lat. is 37 o N.; ; and the a at 2) 405 7 


Nee 


Over the degrees 45 400, che n debe nes iu 
1 he diſtances. e n vie 
een the diff, e 5 15 3 ie . 
R Er. By 
8 PLL — 
„ | y ; 4 


Draw a meridian Ap, and deſcribe the quadrant A mþ; make the arc 
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Arad. 


| $0 mer. d. lat. 
_ Todif. long. 


* As N 


To diff long, = ae 
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By MencATOR's SAILING. 


61. | | Cons TRUCT1ON. Fig. 19. Plate XIII. 


Draw the meridian As, deſcribe the rant Amp; make the are 


m cgi 08', the courſe. In the thumb ac drawn through c . 
"uf KOT miles, the diſt. ; and draw op wil to A p. | 


ComPUTATION by Meridional. Parts, 
For the diffi latitude. 


| Now $1*18"N.+ = Dep. lat. 
As Po" og A: "fin. c: AD. 


) B57 (84:47's 8. = NA lat. 


8 rad. = go® o 10,00000 

ha diſt. = 1024 3.01030 37.01 N. | | Pref, lat, 

So co-f. cour. = 33* 08' : 9.92293 — | 

| To 51* 18" merid, part? '= 3597 
| To bop: diff. lat, = 8575 293323] To 37 or merid. parts = 2394 


For the diff. e,, Merid, dif, lat. = 1203 
A K „ {7.6 
5 90 o o, ooooo 


33 08 2588528 
1203 8 


Make 12033 "Er 1 drave 
BE parallel to A te meeting AC con- 


785-2 2,9499 bende. ">; "Re PR 7 = 


To tang. cour. 


| I u von 


Nos 9 505 'W. = P- 
60)785(13 05, W. = Dis. lang] 
22 55 22 55 W. = 8 
| ConmruraArion by Cribs eee * F 
The diff. lat, and preſent lat. being found as above. 4s 
. Dep. lat.. 51. 18. Co-lat, 389 42. f co-lat,, 19% 41 
el. lat. 2.2 Ol.” _ Co-lat. 2 . co-lat. 26 


"RISE 25 297, its log. ang = 2.6975 
deen id 21, nen = gu54558 
_ Difference BRL =. 1520620, : 


2 W. = Dep. ong· 
96 W. * Di 8 
12 : 8 | — 1 


33* of 22 $6 W. = Pref long, | 


As W a „ 


W 
So tan. cour. 


By the TRAVERSE Flaws 6. 4 
| With Se: diſtance, find the diff, latitude, © 
Prom thence find the preſent lat. and the mer. diff. latitude, _. 
With the courſe, and the mer. diff, lat. taken in the column of lat. 


| | find the correſponding dep. which will be the diff. longitude. 


"Thus goth of the iſt. 1024 is 51,2. Then under the courſe 31 15”, 


: againſt $1,2 among the diftances, ands 42,7 in col. of lat. And 4257 X 20 


gives 854; ſd the + of lat. is t4* 147; the preſent lat. is 37* o N. and 


te mer. diff. ht. is iy 1200 Pet of which is 60% . 


To the courſe 35 1, againſt lat. 50, o, or its neareſt 60, 21, ſtands 3948; 


a on! by 20 gives 78955 5 15 7 * — F R O- 


po GLOBUL AR sATfLIx G. "Book VIII. 
8 PROBLEM. . . * 
8 8 the Jacituded of two 7s and their FIERY : 
| : ers Required their bearing, and difference of longitude. | | 
| \'Exan. A ſbip in lat. 51*18/ N. long. 222.06' M., is bound to a place im the 
1 SE. quarter, diſtant ap miles, and in lat. 37* Oo N. e what is her direct 
| RED ARR ** how much muft ſhe alter her long. to arrive at the defired ipod 


nn. Bu MID DIE LATIT VDE Sailing. | 
| Let from 51* 18/N. Sam of the latitudes 5 796 18“ 1 


| Lat. to 37 00 N. : | | 
1 | En. Middte nütude . og mM 
| v4 > ws lat. 14 18 858 wile. be F 1 
n e — DIY Co-middle latitude . "Ip "$3 _ 
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| $2 0 EE By Centre ro. Fig: 12. Plate XIII. 
5 Des the meridian Ap g 85 miles; deſcribe the quadrant A n from 
> A, with 1024 miles, the given diſtance, cut Dc, drawn rale to Ap, 
* | inc; draw ac. In the are Er, deſcribed with the ſine of 45? 51, 
| 5 co- middle lat., apply the departure v0 from E to ; through F draw AB, 
| 3 8 | and draw the chord Bm. © 
| 8 Then the cou 1 is meaſured by the are ne; and the diff, Jong. by the 
3 ö line "4 
| . va By CompuTarION. 
_— „„ hg oh courſe. RS. Fer the ap. Ingitude. 
: 5 : rad. AD : An. Lc. c TLIC bot: 
| Pee 4 = 1024 ', 6,98970]As co-ſ. m. lat, = = 44*09' 0O,14417 
ons 25 To rad. == go* oo! | 10,000cg|To tan. cour. 3305 9,81390 
1 So dif lat = x 658.  _ - 2-93349]S0 diff. lat. he * 2,93349 
— BN pf ————— 


To diff. long. 1 2589156 


Now 22⸗ ob. W. = Long g. from. 
Pom k. DIE. long. 


5 9 of W. = Frei. log. 


= 5 E co cour. 35 * 9792319 


Courſe sk. k 3 


; - 
* f * | 
- » : " 
4 .*. * - 
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1 | . By the Fotos TAS. 

| With the diſtance and diff. lat. in their columns, find the courſe: among 

1 1 "the degrees, and the dep. in its column. . 

1 With the co- middle lat. among the degrees, and the dep. i in its KD 
7 find the diff. Jong. among! the diſtances. 


Thus. | IT 0 the diſt. 64 (==) and the lat . 526a( =25 8) 


the courſe 7 is 30 000; ; and the dep. 34686. | 
The £0- 22 lat. 4 (the neareſt to 45 51/), the dep. 26-26 (ting . 
tween 34453 and 35%, belonging to the diſtance 48 and 49), gives 48, 5 
es in the col. of diſtances; which mult. by 16 gives Fob for-the diff. long. 
ERS =" Note. Toth of the numbers was taken rather than th, becauſe 16 di- 
VVvVvides 1024 without a fraction; and it is more damm n 
Whole We than ay W Rt? N 
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| 

— 

"4%... By MERCATOR” 8 SALLING. 1 
\. Hat. from... 51 18'N. | 5 Mer. parts 3 — 23597 . | 
Lat. to 37 o N. [ Mer. partz 2393 f | 
Dit lat, 14 18=858 x m. | Mer. diff, lat. 2 * * M064 | 

| | — 


By ConerxuUcTiON. Fig. 20. Plate XIII. 81 
"Jo" the den AB, take AB 1204, the meridional diff, lat. and 
. 58, the proper diff. lat.; deſcribe the quadrant A mp; from A, with 
the diſtance 1024, cut. pc, drawn parallel to Ap, in c; draw Ac, and 1 
contiaue it until it meets BE, drawn parallel to Ap in E. 
"TY hen ak. long. and arc nc meaſures the courſe, 


1 CoMPUTATTON by Meridional Parts. $7 2, 7 
15 1 the courſe, 5 : For the 4 longitude. © ep 0 
+2 rad. : AD 2 f. Lac. „% ⁵ te ; 
To rad. = yo? O 10,0000 To rang. cour. = 33 og 9,8 1390 ih i 
op air lat. = 858 - -2,93349150 m. diff, ee 3,8063 3 
. „ — — 4 
To 0 cour. = e 959231 ro dick long. = 76 285,89433 | | 
wy . : # — —— | f 
0 1 55 220 o& W. = = Long. * 
| Courſe sk. by 8. nearly, „ 600) 78401 3 04 E. = Diff. long. 
| „„ ie 5 
2 Compurarion » Logarithmic Tangents „ = 
© ben, lat. 51 18. Co-lat. 38 42. "'Sco-lat. 1917. | 
Lat, bound to 37 oo. _ Co-lat. -- 80. co-lat:" 26" Jo." 1 
o cot. 265 ;ͤ . ( , 
— co-lat. 19 21, its log. weg 9054532 „„ : 
SON OT : . bikercnce 5 gt 1522,2=0. 
8 For the cafe es n ey Far the d if longitude. | 
ac": rid. :: av ; . £ACD. Denn ae ge ö 
e 8 e 9789840 | 
e , ST 0 f 
Courſe is S. 33? 05 E. as os: 80 tan. cour. = 33 0% 981390 : 
9 | . "74 8 [Fo ik. log 777 7849. "A 1 ug 
| PF. 2 9 1 * | ——ůů— ö 
4 Nev By the Ta aries: TABLE. ; 


Vit the diſtance nn diff, lat. i in their columns, find 1 a amons 
E rees. i 5d 

Wich the courſe among the 5 ces, and the meridional dif, lat. in 
1 + cglumn of latitude, find the diff. lo ong. wa ns column. of erw, * 


: RN found as before is 33? oof 
And th. of the mardionat if, lat. viz. Gack found. under 33%, in the MET 
+.column of latitude, the neareſt correſponding; departure i is 39,21 3 ; which 1950 ö 
5 den 5 n, lengitude . 1 
W 3 P 2 e,, , 
is j 


M 


5 To dif ong. = 786. 


\ 


. GLOBULAR $SATEING. | Bogk vir | 


77... hk tf 
64. ; Given the latitudes of two places, and the 1 ps 2. 
. 065 Required the courſe, diſtance, and difference of longitude, 10 
ExAu. A ſbip from the latitude 37* oo N., longitude 4 8* 200 V., 


between the M and E., and being come to the latitude. 5 1 185 N., Fu, 5 


has made 564, miles of de rture : what was her e courſe 477 ance run 
725 e longitude H ay 5 fo 4 F 


on By | © — Latinas Sin. 


| Proſent late * $1 18'N. l Sum of SR 
Departed lat. 2 o.. 1497 
| Mid. lat. . 7 


* 7 
GS. 
#3 5 


"Dis, 14 t . 9 f ty. 2: Oo 


. [ Co mid. lat. 11 
. By . Fig. 12 le Ill. 
in a meridian line, take AD=858 m., the ai lat. - Deſcribe he qua- 


2 grant An p, and parallel to A p draw DC=4564 m. the departure; alſo 
draw the diſtance Ac; in the arc Er, defcribed with the ſine of the % 
mid. lat. 45 51 apply the chord EF equal to pc; through r draw AB; 


then the chord m n will will be the diff. MG CLINE e nn he 


* Compurarion. Era org S 


To fn the conſe... wort” the To fd the diſtance 
AD 1 De: : rad. : t. Dae. Sin. ADAC : be:: 3 : Ac. 
As diff. lat. ='$ 8 s fin. cour. == 33* 19 8,6022 


0 = 504 0; 133}To depart. = 564 _ . 2,75148 
s 72 25 | * | 75 


See. 1 
* — 
To diſt. 13 1027 3701150 


Or e : pu „ 
Now 48* 20 . = = = Dep long. 


3s "OM Pref. long. 


| | - Coarſe NE. b. N. ye 
2 Ta Avi TABLE. 
The diff, OY and departure being found together, will give the courſe 


- among the degrees, and the diſtance in its column, 


With the co-mid. lat. among the degrees, and the departure-i in its do- 


5 lumn, find the diff. * de among the diſtances. 


Now Loth of 8 e diff, lat., . of 564, the dep., are 42,9 and 
2522. The near pens to theſe are found together under the courſe 
335 o/, and to the diſtance 51,2 z which; multiplied b — Ives 1024. 

lo the departure 28, 2 being found to the co- mid. 46% _ 


= which —— n. 786 K for che de, 
F 2 . ” 


by, By 
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GLOBULAR SAILING, 1363 
or . By Max cCATOR's SAILING. „ 
Preſent lat. 1118 eee 3397. 
, 37 oN. Mer. pars 2393 
Die: tar | Tory 18=858 6. pa. diff. tat. Ke OD Wn] | 
Io r oe Fig. 41. Plage XIII. g 


* 1 —— 


a a meridian line take A8=1204 m., the meridional diff. lat.; and | 


| 7 i 5 Ab 858 m, the prop. diff. lat. Deſcribe the quadrant Amp; through 


v draw DC paralle to A p, and make DC=564 m., the Kp. „ae 
e, draw AE meeting BE, drawn parallel to a p. 


Then is Ac the diſtance, BE the 1 5 longitude z and the are mc mea 
« fures"the courſe,” © 


V 2 Meridimnal Ports, 


For the courſe. PORT | Feͤ r the diflance. 
: DC 2: rad. : t. DA. Sin. pc: DC: : rad, : AC. 
As "LiF lat. 88 $5 5 7.0665 10 fs fin. cour. = 33% 9, 6, 26022 


To depart. 8 
. 


o depart. e 564 2,5 128 | 
rad. 1. = = "go" oe. 10% 000 


1 


A tag. edur. © " 33 * "041775 o diſt . an 1025 301150 
Fir the diff. ling. ©: D:: M: I. Or R: T:: M: 1. 
As prop. diff. lat. = 8 4 7 Now 48% 20 w. DI Dit, 20D: 
To depart... 5 : a e 11 Me e chu" 4 
80 mer. diff. lar. 1204 3.08063 


| To a. b. = 791,5 _ —— | 


Courſe NE. b. N. 3 | 

' Co OMPUTATI © N by Legarithmic Te 4 * 

WE e lat. 37 0 N. Co-lat. 53; O. co-lat, 269 „ 
Preſent lat. 51 18 N. _ Co-lar. _'38. $2. co-lat. 2 „ 
"Fo co-lat. 26 30, its 2 tang. "= 9,9774 5 85 
70 f Sore, 19 21, its log. ing. = 9.54552 


4 


: = 5 1 Difference ie. 
| 1 . For the af. a. 
The courſe and diſtance ars found F Le 
"as above. | | A = 97000 
%%% 229 on ood 1 OBE =» 522 | 3.18241 
„ ©, 13-4" 211" OT tang. cour . 2 13 3.7776 
| | . To dif. long. = 7919 . 
25 F . By ths Travan: 14211. 1 W Eos 
@ cou found as before, is 33 30/; under which, a; inſt "= 
= 2th of the mer. diff, lat.) in the column of latitude, * 3974 in 
te column of departure. "Then 39,74 X 20279448, the diff, 2 Tl 
1 aa ” 1 98 F 3 | PRO. £ 


* 


16 6LOWULAR i alk vnt 


. VI. 


po 564, the departure, and the arc mc=33*.1 


n to ap, . 5 
. By Comporarron.. 
1 0 For the 4. Hake: I. Now 51®1&'N. = "Don +" 
Sin. Z vat: ob: fin. £acp : ,ap.69)B5S(14 18 S. = Di, lat. 
As ſin. cour, = 33 197 o, 26022 9 —— TITS 
To departs + = 396 - © © 27gLeN;-+ > 37:00 N. == Preſent . 15 
So col. cour. = 33 „ 8 —W.  s RY 
To dif lat, = = 858. e TM ur 
7 | oy — 440 = Middle lat. 
3 5 . | 45.57 = "Co-m: lat. 


To find the diſtance. To find the 4 lngitude. 
Sin. £ DACIHED' 2 1 062-14 06.27 - As „ 6! 7 1 
As fin; courſe = 33 19 0,26022]As côſ. mid, lat. = 44 * 0,1447 
To departure 564 2.75128 To rad. = 90 00 10,00000 
So rad. = 99? o -10,00000[]S0 departure | = 564. py 2,75128 
| — 
To diſtance = 10273 ED), 3-01150 To diff. long: — 786 2.89545 


column of latitude, and in the column of diſtance find the diſtance 5772. 


66 Qivxen one latitude, the courſe, and 3 „ 8 
Required the other latitude, diſtance, and diff. longitude, | 1815 
$704 A ſhip from the latitude 51? 18' M, longitude 9 50! „ Jails 
S. 33 19 M., until her departure i 45 564 miles; 3. Kat) ber preſent latte 
tude, longitude, and — 
e By Mippre LATITUDE S AILING.. TR 
$. ConsTRUCTION, Fig. 14, Plate XIII, Y 
e a meridian line Ap; deſcribe the quadrant Am p; make, aa= 
> the courſe ; through c draw 
the rhumb ac meeting ac, drawn paralle to AD, in cz and dran, en 


Then i in \ the rc Er, deſeribed with the ſine of 45 51) 3 8 CD from 
® to r; through r draw AB; and q te diff. longitude B MMW. 


Now) 90 50 W. = Dep. long. 
n 06 n long. 


'22 56 W. Prelent 90 


— * 43A 


IS | 
— 


By the. TxaAvaRsE n 


Wim the cours 33? 15 (the neareſt to 33. 77 20 and the departure 
28,2 (stb of 564) in its Column, find the diff, of lat. (42,53) in the 


Then 42,53 x20=850,6z -and 51,2 M 20 1024. 
Hence the preſent lat. is 37 07 N., and the co-mid. lat. 45” 487%. 
The co-mid. jat. 45 40“ and eparture 28,2 gives 39,2 in the column 


of diſtances which LS by 20 gives 7845 for the diff. of longitude, 
: 2 | | PE 30% £ | 67. By 


Bock VIII. GLOB ULAR 8 4111 NG. 167, 
67. * - By MznrcartoR's SAILING. E 
| By Cons TRUCTION. Fig. 22. Plate XIII. : a 
Draw a meridian line An; deſcribe the quadrant A m b; make A 
884. and the arc m c= 33 19˙3 draw ac parallel to As meeting the 
rhumb ac, drawn through c inc; and draw the departure cD parallel 


to A 2 

| LY 4% rio by . Meridzmal Parti. 1 5 

** Por the diff. latitude. _ Now 5 10 18' "A 5 Dep. lat. i 
Sin / DAC: p:: fin. C : AD. [60)858(1 4 18 8. = Diff. lat. 

As fin. cour. = 33 19 0,26022 32 00 N. = | Pref. lat. 

To depart. = 504 „ 2% To $19 18/ 3 . = 3598 

So co. cour. = 33˙19˙ 989220 T0 7 oo merid. parts = 2394 

Ts diff. lat. = 980 858 Merid. diff lat. 165 W 


Then make AB=1204; draw BE parallel to A P, meeting, A AC 5: 
| nued, in Ez and BE is the diff. of longitude. 


To find the diſtance. *> | 7750 find the ap. longitude: | 
As fin. C bac : pe :; rad. : ac.| * „ 
As fin. cour. = 33 19“ 0,2602 20A8 p. diff 705 = 38 7.06661 
To depart. = 564 2,5 128/To depart. = 564 2,7128 
So ra. = g0* oo" 10,00000]|80 mer. diff. lat. = 1204 3,08063 
To diſtance = 1027 3,011 5 ortho £05. Þ | = 7914 2,89842 


Now ge 5o' W. = = Dep. long. . 
500791013 11 W. = = Ditt. long. 


1 5 23 ol W. = Pref. long. 


Cc OMPUTATION bile Logarithmic ae 0 175 7 
Find the diff. latitude and preſent latitude as above. 8 ' AT 
Then, Dep. lat. 5 1 18“.  Co-lat. 38 42“. $co-lat. 195 27% 
Fiel lat. 37 %%% Odelat, 53 00. & co-lat. 26 30. | 
- Tot co-lat. 26 30, its log. tang. is = 909774 a 
Jo 2 z co-lat. 19 21, its log. tang, is = 9,545 52 | 
| Difference 1522, 220. 8 ff 1 
. ip. longitude. .. e . 
A "= 98984 | 
Tog = 1522. 3,1824 The Aiden and a longi- 


| 2 So tang. ie hoes 33” 19% 9.8177 tude * be found as above. 


To diff Elon. = 79:8 2098 85 e 


* 6 


1 
* 


By the TRV IAU TA. ty 
Find, as before, the diff. lat. 8 51 ; and the diſtance=1024 
Then the preſent lat. is 37 907 N.; and the mer. diff. lat, is 1197, 
ch of which is 59,85. 

Nqyv under the courſe 33 1 55 and againſt 60,21, the neareſt to 59,85 
4 the column of latitude, Rands in the column of dep. 39,48 ; which, 
EL 6: by 20, gives 789,6 for the diff, longitude, 

7 P 4 PROBLEM. 


robe SAILING: Book VIE, 


<>. 


PROBLEM "Ix. "vw 


Fr 9 


N F cole one latitude, the diſtance, and departure : 3 7 
=» Required the other latitude, courſe, and diff. longitude. ION 


60 AM. A p AMP from the latitude 35* 0d N., longitude. gf o., hiving | 


failed between the V. and M. 1027 miles, reckons ſhe has made 564 miles of 

Land that wat Ber direct courſe, and the preſent. latitude and 8 70 

tude 4 | 
* A La 


By 175811 LArir bbs 84111 6. 5 
2 ConsTRUCTION. Fig. 15. Plate XIII. 


"Draw the meridian line xp; deſcribe the quadrant Amp; make A a 
=5364 m. f from A, with 1027, the diſtance, cut a c, drawn dae to 
AD, in e; draw AG, and draw the departure c parallel to 1 


vs * * % 
I . 1 
g =y 


3 * 


dere = By We eee, CE 
_ fd the curſe e To find the d iff dil. | 
Te. t rad, 3 CD. =: fin. 4 DAc. Rad. : AQ :: fin. EDTA AD. 
As diſt. = 1027 6,9884] As rad. = go* os  10,00000 
To fad. 90 O, . 10,00000[To _ = 1027 | 5 3.01157 
So depürt. —— = 364 © cot i Sg co- . cours = =, 33* 8 9.92202 
To an. cou = 33% 15 Is FS ut. = 858.2 9239 
| 2 00 N. = Dey. lat. Sum of the lnitades 88 · 18“ 
600888014 18 N. = : Diif. 1 — 
kat —_ Mid. lat. | 44 9 
51 18 N. = : Pref: Jat. Mw, 55 r 
„ * . e V7 Oos. nid. lat, - 45 $1 


Then delerlbe 8 arc EF Fan tha: fine of 45* 517 wha therein apply 
cy from E to F ; through v draw AB3 z and draw the diff long. B n. 


T find the diff. lon itude. S&T 888 8 „ 3 | 
As coſ. m. lat. = 44* © oo . 0,14417] Now g* ozW. | = Dep. long. 
To tang. cour. = 33 19 9,8177 ene! 06 W. = Di long. 
So diff. lat. 1 2859335090 — 
— 22 08 W. = PreC. long, 
To diff (RP = 786,2 . . Ns HR 


Courke i is NW. b. N. 9 


. 1 By the 11 . . 


N 8 of the diſtance is 51,35, and of the departure 28,2. 

Find under what courſe, among the degrees, 28,2 ſtands in the depar- 
ture column againſt 51,35 in the column of diſtances ; which will be un- 
der 357 30' Ns 2 l the diff. of lat. column. : 

hen 42,8 x 20=85 ce the preſent. latitude is "rg 6N. ; 
9 eee 3 * A 5 5 and 
ith the neareft co- middle latitude: and the departre 2 ab, 2 find 

hay wang diff. Jongitude, among the diftan 121 e 7 
_ Then 39,2 ta a, = diff. kast. Yo. 


4182 of 1 eps Jo T1 W336 


4 1 
- 1443. 4 «ON 


% Js 


bk r 
. No pt * 
* pe — 7 2 28 N Fo * 3 + + mY 1 377 4 * EY} F * 14 1 N.. N N * # 7 
— a 4 e 417 1 1 * 4 L. IE 10 Ye p N * \ 2 * 4 {4% —* 1 wie ; # IS mY o 5 y k 4 : 
g 4 . . 4 7 * 1 x 4 # i "1 1 1 4 
: LY && +747 24 - EC, * ee N ** 7 Fi ; 
* 


pp 9 7 | & A 2 . : . «> 
1. » 9 2 
4 . wP * 1 _ =—y 
4 F F 1 „ 
of x *. 5 g a 
* 3 * * — . 1 - 


\ — GLOBULAK SAILING. 605 
= W Mzrcartor's Sailing . 8 
woe By ConsTRvCTION. Fig. 23. Plate XIII. 


G * 


Drawn a. meridian; AB j3 deſcribe a quadrant A m name» - 564 


draw a © parallel to aB; from A with 1027, the diſfance, eut a C in c; 
draw the departure cp parallel to A p, and draw the diſtance ac. 85 2 
Douro r Ar ION by Meridional Parts. 8 00 


elbe, e Fe pr "atithde. 
AC 2 "wo. : 3 CD in. L pA. Rad. 6.3 in. CA 2 * 


8 


As diſt. = 1027 6,98843|As Rad. | = g0% 00" 10,00000G 
Nan, 99% © 000 10 Tab, i 3,057 


þ 8 | 2 So e n A 1 So. 1 de | 1 337 1 16 1 92202 
LY | 9. 41 — ö 1 


1680 1 


New he. 
(60)858(14 1 18 N. | 


; 


lat 1 37 OO, the mer. parts = 2394 


51 18 N. Preſ. lat . Mer. dif. lat. = 1204 


hows - 


2— 


Tben make AB=1204; continue: AC till it meets BE, drawn parallel 
to Ap; ahd BE is the diff, longitude. 


To find the diff. longitude. 184 i Rad. 5 | £ 7; 8 1 M 2 1. 5 
As rad. == goo oo] 10, o Now. 9 o: W. = Long. from. 


- To tang. cour. 33 19 9,81776|60)791(13 11 W. =. Dif. _ 
80 m. |. lat. = 1204 3,08063 N _ 
| -- 5 W. — Pref £ he. 


E „ 


To di WR. = : 7914 | 259919 _ 


T ben, N lat. 375 pin] Co- lat. .53* o& " "Wy 12 co-lat. TY 30. 
. 51 18 N. Co-lat. 38 42. a 
| — 


TO © co-lat. 257 307 its log. I 9.69774 
' To Va D 19 21, its log. tang. 9.54552 


1 i FS ih Difference | ? =. LY 1522,2= 6. 
1. i Pngitude, Ve „ 1 

MW. 98984 > 

To 6 Pe 1522 3,8241 


'F 


So tang. cour. 


33° 19 E The ire dende may * 


To diff long. = 7918 219866 5 e 


. \By the TRAVERSE. 1 


8 2 a1 before, ee for the parts, the dif. lat,=$ 16 0 


Hence the Went lat. is 51. 16 N.; id the q = 
kth of which k is 60. 5 ; 1 210 4. W's =1200, 


Then in the column of latitudes, under 1255 307, find bo,04, the neareſt 


to 60; againſt which, in the departure, ſtands which. multiptied 
en gives 79448 for the UE, of long > >< b, multipli 


Ms: of lf, o. PRO- 


* 1 


- rl 8 7 T6 fle t 18 ths we eee = 


E: Tow the chord BF. 


800 


170 GLOBULAR: SAILING, ook vi. 


yo. PROBLEM x. 


- Given one latitude, departure, and diff. longitude : 
Required the other latitude, courſe, and — — | 
Exam. A ſbip from the latitude 51* 18' NM, longitude 22% 067 ., 
having ſailed between the S. and E. for ſeveral days, reckons ' fhe hat made 
564 mules of departure, and 786 miles of longitude + what is the lat. and 
long. 14 the Tü arrived at, and alſo her direct courſe and di 3 . 
| Problem cannot be reſolved. by Mercator's failing. 


By Mip DLE LATITU PE Sailing. © . 

By ConsTRVETION. Fig. 16. Plate XIII. N 

Draw a meridian An; deſcribe the quadrant a mp; in the arc mp 
ply the chord m B=786, the diff. long, z. draw AB; make m a=564 ; 
aw a F parallel to A m, and with the radius AF deſcribe the arc Fk, and 


T hen is EF the departure, and Ak the fins of the co-mid. lat. 
By Co TU TAT IO x. 


95 find mw amid latitude. ? "my Co-mid. 11. == 45 5 15 
| : bp : : . - 5 . : a, | Middle lat. 1 49 Ih 
| . 3 Y Sum of the lats. k 6 
| As If. long. — = 70 | Depart. lat. _ 51 | 18 - 
a 5 2 = e, , 7 © = 


' Make ap=8 58; 8 DC 1 to A p, and 0 to EF ; then Ac 
being drawn, will be the diſtance; 3 and 4 DAC the courſmmQ. 
| To find the courſe. | To find the diftance. 
VVV | Sin: Z ac : .DC : : rad. : AC. 


* diff. lat. = 735 9,0665 10As fin. cour. = 33 9 026022 
To diff. 1. = 6 „ 1 cr ped . 5 564 5 2,75 128 
So co-ſ. m. lat. 45 51 2.885820 So rad. = go* of 10,0000 

To tang. cour. bb = 33. 19 Der 4d. = 1027 3.01150 


Now 22 06 W. = Dep. long. 
Soest — E. = Diff. long. 


© Fa | The ket is Sk. b. 8. . 
9 00 W. = Preſ. lang- Diſtance 1027 miles. 
—V— Preſent lat. 37% O0 N. 


By the TRAVERSE TABLE. 
Now roth of the diff. long. and dep. are 39, 3 and 28, 2. 
Seek in the table, until the given depart. 28, 2 is found in its column | 


— the given diff. long, 39,3 in the column of diſtance; and it gives 


mid. lat. among the degrees at the top or bottom of the table. 
28, falls between 7 27 (over 46*) and 28, 11 (over 45 40”) 


Se eh, che depart. anſwering to the diſt. 39, 33 therefore, taking the co-mid. lat. 


==45” .50', the preſent lat, is 37* N.; ; the diff. lat. is 8563 5 and its 


ch is 42,8. 


Thhen 42,8 and 28,2 will be found t together under 335 300 , the courſe, 
$3 


and, between 51 and-$2 in the diſtancy 


fo T 25 which multiplied 
57 20; gives * for the diſtange. ppol 51; ? > 


"PROBLEM 


0 VIII. r 8A1L1 NG. 171 
PR OB L E M XI. 


75. Giren one latitude, courſe, and difference of longitude: e | | 
Required the other 7 and diſtance, 0 a \ 

Exam. 4 ſhip from the lat. 37 OO N., longitude 22% $6" Win runs on 

a courſe N., 335 Io” E., until fhe finds her difference of re rs # ad 


miles - what 18 her preſent latitude and diſtance ſailed © | 
* problem cannot be reſolved by middle latitude failing,” 


By Max carox' 8 SAILING. 


By CongTRUCTION, Fig. 24. Plate XIII. 


Draw the meridian AB; deſcribe the quadrant'a m p; continue A pil 
A a=786' miles, the diff. longitude, and draw Ax parallel to AB. Make 
_ the arc mc=33? 193 JAR the Ward AC & 15 it meots AE in 87 _=_ draw 
7 _ "EB parallel to Ap. 44.58 
x Cour TAT ION 7 22 Ports 
75 find the mer. diff. latitude. | 5 
„ per. lat, 137 oN. . . 2393 
As tang. cour, 33% 19 n : Mer. d. lat. 1196 
To rad. 90 OO 10,00000 — 
So diff. long. 785 2.9542 Pre. lat, 51 122N. M. Pts. 3589 
To m. diff. lat. 


1 | 


A 


1196 ; 3,75 biff. lat. 14 i miles. 


Make Ap 8521; draw pe parallel to- A 5 ; then Ae is the diſtance. | 
T find the di Hance... Sin. A. DCA 85 : rad. 3 AG | 
As col. cour. == 33 4 8 . N | "+ 
To diff. lat. : = 852,5 . 2.93069 
So rad. 298 o 10, 


'To diſtance = 1020 5 -3:00867 


cen * ATION by F Tangents. 3 
75 8 the Preſent latitude. Dep. lat. 37% o  Co-lat, 53? 8 
„ „ r r gi} 3 26 30. L. tang. 969774 
As tang. -cour. "= 33® 19“ Gin. 0 Bg1T 


5 


To diff. long. 2 786 2,895 422ã2ʒ2· —— 
Son. = 18 10, 10151 to: lat. 19 Zh, L. tang. 9,54664 
f + — — 5 "A n 


” < 
+ * 
* 


To . . 1511 . 38 48 (PF 
N — —Tzerefore the preſ. lat. i is 519 12 N. 
By the TR A VERSE TABLE. | 
| Seek. the UE, 5 in the column of departure to the given courſe, 
and it gives in the column of latitude the meridional diff, lat. 
Thus under 33* 15% againſt 39,3 (=&th of 786) in the departure | 
Bangs, 59» 59:38 | ; or s E. gy 59796, which, multiplied by. 20, ove | 
* e mer. lat. Hence the preſent lat. is 515 14 M4 and 3 85 
the iff, lat. 854 ; its Soth i en, | 
/ Then under 33 15, in the col. of lat. 42,7 ſtands againſt 51 in the 
col. of MAN which e by 20, gives! 1020 for the diſtance, 
\FROBLE * 


= 6 | GLOBULAR SAILING. Bock vii. 
60) god „ron . 2 R oO B L. E M- XU. r 


Pi. be 9189 x 1 


72. Given the 9 departure, 160 enge ie 
Required the latitudes, departed from and arrived . I 


06s STO UGLS (1800 * 


2 


EAAAL. e N « fi its 8. 7 15 2. DENG 8 


ſhe has made gd miles of departure, and 786 miles of difference 2 ri. 
ee e. * . 


*% 
e 9 ** * 


8 $oLvTion. 


= " Ahn Gncaf che carte: to the departure 

80 is the: 1 courſe to the WI of the latirude=860 
And as the diff. longitude is to the departure _ 
So is the 1 to the Ay of the middle latitude | 244509. : 


ey br 
- 3% Hi) : : | 


es 145 20 be diff. lat. the half is 10. ts. 


4. Theniga* og +7* 10/2615 19), the latitude failed from ; 
A 9 10 236 eee 


"em two of theſe four. particulars bei given N 4 3 If | 
\ diſtance, de arture, difference leude 3 1 
with the difference of longitude: 
- The two n may thence be found. 


PROBLEM A 1 


"3 Give ede diſtance, and difference of dun. : — 8 
e WY be eee 7 


Seu rien. 


"2B F ind FUR 3 4 ( 37) to ule as a firſt 8 
Wben the courſe is toward the equator, augment this mer. dit. far 
a ſecond departure; if toward the pole, diminiſh it for a fecond de- 

Parture. Let the 1ſt dep. be altered about a N or 6th of Itſelf for a 
ſecond departure. i 

3. Wich the given diſtance and theſe taken ſeparately 3 in order; 
Find the reſpective courſes ences of latitudes. (VII. 32) 
And hence, the preſent lem — — differences of lat. 52) 
Jo each courſe and reſpective mer. diff. lat. find a diff, long. 5 ) 
4. Between each of theſe differences of longitude, taken in order, 

” nr es the two differences; which call the rſt and 2d 


Me the produRt of the 1 b the ad error and the 
, EI we ſt ene 4 g | . 


> FD 
"* 5 Xx. FI K 2 A 


" 2% * . . + 
* ; : ; 5 | , | 
| | | 5 a If 
. 5 | 6 
.-.v4 \ 0 - a — 
g 2 * 
* -. Fl . | p 


Bob III. : 


| great, or both too ſmall ; let the difference of the ſaid two products 
I 


divided by the difference of we errpede and the quotient: Gy, be 


taken for the true departure. 

But if the two differences found were one too great, and one too 
mall; let the ſum of the ſaid products be divided by the ſum of be 
 _ aid errors, and the quotient may be taken for the true departure. 

: 6. * the true Rſs and diſt. 2 the true courſe and diff. latitude. 


(VII. 32) 


8 A þhi om the latitude o, N. e ailed for ſome on 
tb, A . . — he Jon de 


* on wo 29 tid fr fer 


Wich radius and che diff. long - 790, god a mer. . dit. (631) mhichbe : 


a'direft courſe in the NI. 
has made 790 miles of di erence. 
| and what latitude has ſhe come to 


diminiſhed by about its 5th, or by 100, gives 531 
Then 631 and 531 may be taken for the 1 and 2d departures. 


The diſtance 1097, and theſe departures, give the courſes 37. a 9 | 


25 06 he di 


rences of latitude 8 14 and 683; or 13* 3 and 
14543. 


Hence the ſuppted latitudes Are 50˙ 34 and 515 43'; and the wen- 


| dional differences of latitude will be 1135 — 1245. 


With 1135 and 1245, taken with the courſes 7 a5 r. the 


| differences of long. are 879 and 748. 
And 879—790=89, the 1ſt error, too 
Alſo 190748 42, the ad error, too mall. 
N be Rae theſe errors is x31, the diviſor. 


N X42= 2650 and 531 x89=47259 3 the fam of ths pr 


"duSs is 73761. | 
Then 73761131 gives 563 for the true departure. 


With the diſt, 1027 and 56 the courſe is N. 155 W. 
The diff. lat. is 800 arches ph 8 3 . 


N e 20 N. e ee 55 Tr: 


"GLOBULAR SAIL vo. 173 
. If the two differences of lonzitode ſonnd by the 3d art. were both too 


e erion 


— — — 


e ee e eee 


; "ERS diff. latitude; departure,” and-preſent latitule. (VII. 36) 


Or 4th. If by 


0 er find the difference of longitude. ci 059) 
1 RU LE II. n . 


cols.; intitle them dep. * N hs: 10 brag mid. lats., . 
lats., diff. Iongit. 


lats., mid. lats,, and co-mid. lats., will be obtained. 


E. W., according to the name of the departure uſed. 


fill up the column of ſueceſſive latitudes; ſet their meridional parts in its 


| : (59) the diff, longitude ; which ſet in its proper column. 


| 2 of the latter gives the reſult more accurately. 


GLOBULAR SAILING. Book: VI 


1 
9 f 


F354 7 n 


5 "or kee Contſes correc by Longitude. 


How to folve compound courſes or traverſes, « on the princi iples of plane 
A has been already ſhewn ; but it is neceſſary alſo to ſhew how the 
proper allowances for longitude are. to be introduced into ſuch Accounts, 
which 1 is . done by any of the following methods. 


74. R UL E 1. 
5 if, Com Fu the merit table to each aud and diftance, and find 


d. With the diff. latitude and departure find is dire courſe ar 

- If you work. by middl latitude, with 8 departed latitude and — 

ſent latitude find” the co- td. lat. 5 with which, and the departure, find 

the difference of ee (64) 
ercator, with the: Aopatted Intitade and' preſent lati- 

tude find the ih ional difference of latitude ; Wien Nr 1 di- 


Iſt. „To Fry "traverſe table (com bleted as above) annex Wen Hide: 


2d, By the ſeveral e 1 . bund in 8672 e 8. 
fill up the firſt and ſecond columns; and hence the correſponding ſum. 


zd. With each co-mid. lat., and correſponding departure, find the diff. 5 
of longitude to each courſe 64), and ſet them in the columns * 


4th. Add up both the eaſt and weſt, columns of Idngitude, oy the dif- 
ference of their ſums will be the whole difference of longitude, WY 
SOONEST 4 4 al Mercator. | 

1ſt, To the traverſe table (completed as above) annex five other 


columns: intitle them ſucceſſive W meridional parts, mer. diff. 
lat., diff. long. 


2d. By the ſeveral differences of . found in the traverſe table, 


column ; and the meridional differences in its column. | 
3d. To each courſe, and its correſponding meridional diff. lat., find 


4th. The difference of the ſums of the eaſt and weſt columns of lon- 2 
gitude will be the whole difference of longitude. 
The firſt of theſe rules is moſt commonly practiſed at ſea ; but either 


The operations, by theſe rules, may be all eee by 7 traverſe 
e at the end of Book * 


77. Exau- 


0 Book vin. "GLOBULAR SAILING. 175 


z . 8 EXAMPAR 1. Yeſterday. 1007 toe were in Iatitude 38˙ 14 N., longi- | 
| tude 2 


— 5 55 Me, and have ſince run the following courſes and diflancts. 
II.. NE. b. N. IE. 56 .; 2d. NNW, 38.m.; 3d. NW. b. * 5 gp 
th. SSE. 3om. © 5th. S. b. W. 20m. 3 6th, NE. b. N. 60m. 
c I the ſhip's place with her direct courſe and di, dance. 


By the FIR 1 RULE. ls 


[8 Travers WETTED | 
: Courſes. | | - 


Rs 7) 


. 
„ NNW. 

Fe A4 55 NW. b. W. 5 
73 NE. b. Nos, 


OE OT IE Un oy 


Hence on 33) the —__ is N. b. E., ee; 11 1 miles, 


os lo Bt Mippie. LATITUDE. 


ak ets key By MERCATAR | 
Dep. lat. 3814 N. M. pts. = 2486, 1 Depart. long. = 25 5 . 
en ** 49 2 N. M. pts. = = 2025.3 Diff. long. 0 28 E.... (59) 
| | 2 0 > 


| Mer. dif, lat. =  139,2/Preſent long. = 2 | 18 1 


Ex PI ANAT ION. 


. TN diff. we; 8 and the dep. 21, 6 being ſought FT Ir ag has. 
gether i in the traverſe table (VII. 67) will be found under otic point,” or 


11* 156 for the courſe, and againſt 111 miles for the diſtance, - 


The co-mid. lat. 50* 52/, or its neareſt. $0* 45% being found in the | 


| traverſe table (VII. 67), and the departure 21,6 in the dep. column 
then right a ainſt it in the col. of diſt, ſtands 28 for the diff. long. 

The courſe 11 15/ being found among the deg. at top in the traverſe 
b table (VII. 67), and the mer. diff. lat. 130, 2 (or its E, viz. 69,6) found 


in the col. of lat., gives a {Oy _ 255 (813385? * 2) for the 


; Gifference of debt nde „ 
ws *By. 


x ” ; « 48. , 
5 AF a4 L 1 * Ms 
WV 4 8 \ bp , : 
- & 4 . ' N - 


* * a 
T ²˙—2 ane ⁵wut m ꝰ r ͤbUP , 


bs * 


ws | GLOBULAR, SAILING. Book n. 
BY. the e Rur x. 8 + 


255 47-3 78.2 | 
DIe 


1 ———_ 


"hs lat, 38 14 N., and diff. lat. 45 N., gives lat. go 59/ N. 
Dep. lat. 38 59 N., and diff. lat. 3 23 N. page lat. 10 2 8. : 
Dep. lat. 39 24 N., and diff. lat. 26 N., gives pref. lat. 40 oN. 

Dep. lat. 40 ö N., and diff. lat. 28 S., gives pref. lat. 29 32 N. 

And ſoon, to make the firſt two columns i in the longitude * | 

The ſum of each oppoſite two gives the ſum of lats. in 3d column. 
From theſe ariſe the columns of mid. lat. and co-mid. lat. 

| Then (by art. 64) with each co-mid. lat., and correſpending 1 

the column of longitude is filled up; and the ſums of the columns of 

longitude bing taken, their diff. will be the whole diff, of — 


By the TuI AV Rv LE 


. 74 i 
Dig. longitude =| 27 | | 


* A 


; — TABLE; L188 EB 0 
Diff. lat. [RR guc ceſl, Mer. M. Dit 
1 N. | . ETW. tis. parts. | lat. 


— 


e 38˙ 14] 2486,1] 
156] 45-0] 334 38 59 25437 57.6 
138] %% 4445 39 34 | 253%,9] % 
. 25.0] [ _|38;2140 2622, 33.88 
| 39 32 288052 36,4 1 


19,6 3.959 12 2560-4) 25:9 | 
Nx 3343] % 2] 2625,3] 65:9 | 4: 


3 ; 1 — . = $2 * » Vole | 
DiE. lat. = 108. Dep. 21.6 5 wy „Nit long jt.= 


| 
þ 
, ——— 


> 


| Le LAN A0. N ö 
The column-of e lats. is filled up from the differences of A 
i found in the txaverſe-tablo : to theſe lats. the meridional and the dif- 
ſerences are to be found : ten by the courſes and merit dional diff. of la- 
_ titudes, the Kliff. of. en as ſhewn in art. 59 of this 


bock. The _ of long, . found b nearl 
- ks.” f TO y * is nearly 
os | 78. Ex- 


NIL.” GLOBULAR, SAILING. 


78. Ex aur II. Suppoſe 2 a 4's from the latitude 52 ind N add 125 
N 38“ W., has failed fs following courſes, vin. 
1ſt ESE. 43m. 2d. SW 32m. 3d. SE. b. S. $ m. 


Ach. SS W. om. „ 
14% a6 pf her DRY lune and longi tude, alſo her ane e en 
. By 4 n Rur. | FF 
Fe 125 ebe rr 1 Ap 
Nene p 8. JK. f 
. | Bs. | Hil . Ted 7 #7 eh 
„ SW. 324 26. al 2 2 
8E. b. 8s. 80 | 48,2] 32,2] 1119 
F . ko, | oe. be 
Fat” | — — — — F 
. _ lat. =/14237| 71,9 
WS; 185 : | Departure =) 26 26,3 A . 4 
kene n 33) the urs is S. 10? 130” E. diſtance 15 one 
eee To find the difference of Longitude. c : . 
„ Mip pr LATITUDE. | Oe, 
Dep. lat. = 522 20 N. Mid. lat. = 51*'& ; 75 
Diff. lat. „ 2 3 8. | |Coumid. lat. = 38 33 
Preſent lat. 49 57 N. |Dep. : 1900 We: 
ä — Diff. long. = 0 42 E. (6 | 
Sum. lats, += 102 17 - 6 
„„ Preſent long. = 2 8 VL $3) 
20077 cos HRP By Mex ATOR . 


Des; me 2 s &N. Mer. parts 3698] Depart. long. == IG 38 W. 223 
** lat. 49 57 N. Mer. parts 3470 Diff. long, =" 0 4zE. * _ (9) 


ALE, 3 Mer. dif lat. 2280 Preſent long. =1 ; {ad (VI. 53) 
| EXPLANATION. - 
1 "The Fr Bag of the diff lat. and dep., viz. 71, 25, and 35 * ban 1 
fought for, ſtanding together, in the traverſe table (VII. 67), their — 5 
numbers, viz. 71,73 and 13, 30, ſtand under 10* 30" for the courſe; and 
_ againſt 73 in the column of diſt.; which doubled, as the table was en 
* halves, gives 146 for the dire& diſtance made good. 


The co-mid. lat, 38? $2, or its neareſt 38 45 3 being fought in the . 
„ table (VII. 67); then in the column ſigned Dep. the number 
neareſt to 26, 3 (the dep. by this queſtion) ſtands againſt $2, in the col. of 5 


diſt.; 85 which is to be taken for the difference of longitude. 


Or thus, Seek under the direct courſe 10⁰ o/, and in the 3 | 


1050 Lat. for r the neareſt number ro the mer. diff. lat. (=228, | or to ſome- 


rt thereof, wi VI Zo its —) 573 then the correſponding departure i 18 10,57 35 


hich, taken four SL ar tines e for the difference of wen, be 


Pp * e e 


we 


197: 


. In : _ 5 þ De. © He er dS: 
.. af RE NOR — r 


Bil Tag, rn” ˙ er eg ET TY e 
ORE 2 * — LR A, - 
— 2 r — 


A Re 
. 


= 


4 * 
vos ST, > . 
non 4 


FEED" 
Ws eat nt wm 


* L "I 2 a — 1 2 
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By the '$zxconD RU A. 


* þ 
4 . 2 OF. ON d 
178 
4 . 
3 i a 
q , a 
* 4 


„„ 


* f * * 3 N 
| ö 26 Ma 
1 * Te Taps, | dl . 8 Tarr z. 1 | 


LL. | 's |w Dep. | Pref. { Sum | Mid. Co- m.] P. lon. | 
Courſes. D. N 8. | Oh w. lats. lats. lats. lats. lats. 15. 


. 
——— ͤa„— ann 


22,652 04 [51 41103 4561 52138 08 37 
| 32,2 51 41 50 53102 3451 17138 43 5. 
„ 423 %o 53449 580100 51 150 26139 34 | 36 

| Oo 14237 71,9 45:61) 58 5 n i 116073 


* l- . 2 mh Diff. lon. = 43 


| g oo — — R 
ESR. 4 2 39% j52* 200525 04 1049 28% 121379487 65 
W q ; 


Depart. Sy 


15 Iz „ 1 e 


Dep. lat. 52? 20/ N., and diff, lat. 16 Fa give preſ. lat. 52* oog N. 
Dep. lat. 52 04 N., and diff. lat. #5 „ give pref. lat. 51 41 wo * 
Dep. lat. 5 1 41 N., and diff. lat. 48 S., give pref, lat. 50 5 
Dep. lat. 50 53 N., and diff. lat. * 8., give preſ. lat. 4 FN N. 
Which completes the firſt two columns of the arm tay A 
"hs I be ſums of the oppoſite: dep. lat. and pref. lat. make the zd column. 
PER. The halves of theſe ſums make the mid. lats. in the 4th column, 
Aud their complements make the 5th column, - _ 
7 ben with theſe co-mid. lats. and their correſponding 8 the 
ED EE Te differences of longitude being found (64), and ſet in their proper columns; 
\ _ *._ "the difference of rhe ſums of the columns of longitude gives the whole 
* 9 of longitude. 


By the Tuina Rurx. a 


3 \ 4 


| _Travenss Tanks; 4 "Loxcirupe TanLy. $95 


| Mid. I 
Nc * 


| _! Ne2® 20 3697,8 | * nh 
3997] 152 04 | 3671,7] 26,1} 62,88 fo p 

{22,0151 41 | 3034-41 37-3] 37,33 

221 32,2) 5 53 13557-71767] 51, þ 
[23-9149 55 | 3471-41 86,3] 35-7 


"at M 
4% 
434 4 PORES 
» b 


Succeſl|Merid, 
lats. | Parts. 


. 


| 1 | Ex#LANATION. 
A | By the A es of latitude, firſt found, the column of ſweceſſ ve "Y - 
| 5 > is filled up; to theſe the meridional parts and their differences are 

3 then taken; the courſes and correſponding meridional diff. lat. give (59) 


N . 958 r Diff long. 41,0 | 413 


the differences of longitude. 
2 2 * in the reſult by the three methods is 
g . 8 79. Er- 
| | » © | bs 


Book VIII 


NE. 64m. 
WMWeſt, 48 m. 


NNE. 50 m. 
SSW. 38 m. 


» Required her preſent latitude and longitude, 
"WY: M 4 DbolE LATITUDE, according te to the ſecond Rule. 


NW. b. N. 38 m. 
„ 


45 m. 


"GLOBULAR SAILING. 


75 
79. "EXAMPLE mn. Suppoſe a ſhip from the latitude 67® 300 N, longi- 
tude 8 46/ W., has ſailed the following courſes, vix. 


WNW. 72 m. 
ESE. 


40 


m. 


** "SH Diff. lars, | Depart. Succeſt r Mid. Sr. D.long. | 5 
Conrles R—_ N. s. E. W. | oO lats. lan. lats. E. E þ 
— erg — nee a B — f = 1 | 

LOI - 672 30], 
| | — | / „„ | 
Nx. 63 4533 | 455 68 15 135 4567 52/22. 080120 

INNE. 5 46,2 FOE; 69 01137 16/68 38021 22 63) | 

WNW. 72 27,6 4 | 8.570 17 140 0670 03019 57] 1950 
r 48,00 17 Mo 3470 1719 43] [142 
SSW. 38] [351 1 14.569 42 139 5969 5920 or 42 

8. b. E. 45 44,1 44 ö 68 58 139 40/69 25/20 40 25 | 

ESE. 4% 15,3 30-9] 68 43137 41/08 $9121 10%h,f1ů1jỹ& m 
bh [1673 9445 110,1 290 | bY a9 
} _ Di. 1 Depart, = 511 "Di, long. = 171 


By MsRCATOR, according = the third Rule. 


1 


— Gd „ 


| Tb Diff. lat; Depart. |Succefr}. Mer. Mer. Dif. long. $ 
Courſes. D. N. S. E. W. lats. . d. lat. E. [ W. 
. 63 3015 57,6 Es | | 
NE. 104] 4523] | 45-3 8 15150711 119.519,50 
NNE. 50 46, | 19,1] 69 o115797,3 126, 52, 
INW. b. N. 58 48,2 | 32,269 49 5933-9 [136.6 917 
IWNW. 72] 2746 | 66,5 70 17 (6016,0 | 82,1 198,6 
Wel a6. 48,0/70 17 6016, oo, 142, 
ſssW. 38 335,17 14,569 428913, 1023 | 42,4 
IS. b. E. 45 44,1] 8,8} {68 58157890. 12437 24,8] © © 
IESE. [qo] 15,3 36,0 68 43 $747 4 e ue7 | 
CCD oral 
1 Diff. lat. = =" 5. Peers = Diff 3 


| ph the preſent latitude: is 68* 4.3' N. > hd preſent long. I1* 427 W. 
| According to the firſt Rule, 


miles. 


3 The 888. lat. between the firſt and laſt lats, is 219 54/, with which, 
and the departure 51,1, the diff, long. will be 1: 


Alſo the mer. diff; lat. between the firſt and laſt lats. is 195,8; with 
5 which, and the diff. lat, 72,8, and the dep. 51,1, gives Li. long. KELGe 


* This di, r long ale 1 by Art. 38 of his Book: 


Bo, Ex- 


* 


120 GLOBULAR SAILING. Book VIII. 
80. FXAMrIE IV. Suppoſe a ſhip from the latitude. wed * N. len- 
gitude 8 40“ E. has ſailed the following courſes, vin. 
N ME. 38m. NNE. 87 1 
North 3om. NW. b. N. 25m. NNW. Z W. Zom. 
3 b E. 4om. | | NE. b. E. 2 E. | F 8E. . Be Lo, — 
ENE. sm. | 


Reg red her reſent 4 and longitude, -with "Rs direft e and 
d aue to the North Cape, in lat. 70” 27 N., longitude 26* 30“ E. 


By M I D DLE La ATITU D By —— to the * Rule, 


So E. W. lats. | * Ka eg. E. 7 
| & | | — ' WF" | - — —-— —— 
1 | 6-1} 11682 38] i * . B 
INE. b. N. 35% 69 30 138 869 40 56| g8| 
_ INE. 26,9 {169+ 571139 27% 43120 17 78 

NNE. 21,4 70 49 140 46½%0 2309 37 604 

North. 5 171 191142:;.8/71 4/18 56 oo oo| 
IINW. b. N. 113,971 40142 59%1 30118 30 44 

NNW. W 117,02 12143 521 56 s 
| IN. b. E. 7.8 72 51145 3/72 31117 29 26 
INE. b. E. 2E 63,5 73 25 146 16/73 8016 52200 

8E. 3553 ||72 5301146 15/73 76 5312117 
IENE. 50, 73 15 146 573 3ʃ16 57%½ 00 
rr 

4 Dis, at. = $76 þ A244 Dep. _ Dir 0. =P | 

: _ By Mrsekxron, according to the third Rule. ws 

. 7 5 85 1 Pye L Depart. ccc Mer. | Mer. | Dit, Tong: 

{ Courſes, D N. 4 8. E. | %] lats. parts. d. lat. | E, | W. | 
„ FF 

NE. b. N. 63 | 30 58797 14535! 9742 j 

NNE, . {56 49 5112, 1549 64,0]... } 

NW. b. N. 25 405270, 56,2 J44,0 

NNW. 4 W. 36 12 6373,9 103,2 | 55.0 | 

N. b. E. 40 3 6303,8 1299 26,0 

NE -b. E AE. 72 25 6621,0 117,2 2% 3 

e  $Þ[6500,4| 120,60 120, * 

ENE. , 65 156586, 1 85,7] 20% | 

| ren 4 Loans) cer OA ODEON ETC HE HOLLOW 0017 pe, . m_—— 

| | „„ S812, 99,0 
| | N 2n ef beriy 
wy Dep. lat. —=| — WG Diff loog, = Diff. long. =| 713.2) | 

— e e CF : By 
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By the . Rur z. 5 


Wich wth of the diff lat. and departure, viz. 27,61. and 21,9, the di- 


rect courſe is N. 38 300 E., and diſtance 363. 


"The co-mid. lat. is 19? 04”; with which, and the departure 219, the. 


difference of longitude is 67 3. 
The "meridional diff. lat. 852,4 with Which; and the direct courſe 
| 385 30, the difference of longitude is 676. 

Fo find the direct courſe and diſtance from the ſhip's place to the 
North Cape. . 
Depart. lat. = 68% 380 7 N Dep. long. 


= K. 
„36 N. es nee = 1 th E. 
Preſent lat. = 73 14 Nen parts = = = 6582,6/Preſent long. == 20 33 E. 


N. Cape $ lat. = = 71 27 N. Mer. parts = 6229,0| N. C.'s Hong. = 26 30 E. 


Diff, lat, ; 2775 7 47 N A. d. lat = 353.0 Diff. long. F—-] 5 $7 E. 


: f Or n e miles. TOS ah Te Or ma 357 miles. 


By Mioprz Larirupk. 


Sen of the lats. 1445 47 mid. lat. 729217; co-mid. lat. 175 qo}. 
To the co-mid. lat. 17? 39% and the diff. longitude 357 Ch 
- taken as a diſtance, the correſponding depart. is (36,2 


"The courts: to the North Loopy. is "BBs and the ne 152 miles. £08 


By Mzxcaron, 


Tbe iow diff, lat. 353, and diff, long. 357, ben as a diff lat, | 


and depart. gives the courſe 8. 4⁵⁵ 200 E. and the e 1 52 miles. 


7 


W ng REMARK, 


5 


The three methods of operation are ſufficiently inuſtrated in the nv 


ceding examples. From whence it may be inferred, that in latitudes not 
exceedin 15 45˙, the fir/? method, or that uſually practiſed at ſea, is correct 
0 


enough for any runs that can be made in one or two days; and one day's 


run may be ſafely worked by the fame method in latitudes as high as 50 
or 52: but in latitudes nearer the pole, it will be proper to find the 


difference of longitude to compound courſes by either of the ſecond or 
third methods, as may be ſeen by comparing the reſults to the third and 


fourth examples; the firſt method giving the difference of longitude too 


ſmall, ol, a ney conſiderable enou 1. to e fatal Fonſequences 


oY k * 23. 1 . 4 EN g 
F 1 s 1 4 : 3 = X . 
N I , ; 
Py oF Fn - 14 . : : 


NO Te mm WW 4 W 


* 3) 10884. 
As the diff. lat. 107, and depart. 108,8, are ſo nearly equal, therefore 


r SECTION 


ho ſuch enn may be ſolve 


/ 


5 
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F 


The linear and numeral ſolutions of ſuch queſtions as may be propoſed 
concerning ſailing, by the principles on which Mercator's charts are 
founded, having been ſufficien r 3 it n next to een 


by the chart itſelf.” - 5 
82. 5 PROBLEM I. 


* 1 


To ale, a true ſea- chart, which ſhall ſhew the known 555 crafts, hae . 
5 rocks, Hoals, Te. that are contained within any mers: Units. 9585 | 


- $01vTIOV. e 


18. Confiruct the boundaries or limits of Fe chart, Fichi mu pro- 
G har latitudes and longitudes (13), and let the eee latitude and 


ngitude be marked on theſe limits. 
2d. On a piece of ſtiff paper, parchment, Ge. make a ſcale of e qual 


| parts, like the degrees of lopgitude that are in the graduated parallel of- 
latitude, and let the diviſions on this ſcale be numbered in the 77867 


nner. 


3d. From a table of the latitudes and ifudes of places 5 1370 
extract thoſe places, with their latitudes 5 

the propoſed limits. | | 
IAth. Then by fliding the outſide diviſions of the Gals of the dated 
parallel along the graduated meridians, ſo that both ends of the ſcale, at 
the ſame time, always cut like diviſions of latitude 3 the points corre- 


Wa, that 


1 


ie aa | 


ſponding to the latitudes and longitudes of the places contained within the 


Propoſed limits may be readily marked in the chart. 


5th. Lines being properly drawn from point to paint; will form the. 
outlines of the ſea coaſts, iſlands, &fc.; to which may be annexed the 


depths of water, ſettzng of currents, and whatever elſe may ' be judged con- 
venient for the chart to contain. | 


In this manner the N Sc. were laid down in the chart, Plate 


In 3. The Gunter s ſcales have two lines BER) on them; one PR 


F 


I. K,, ſignifying the nautical meridian; and the other, Which is placed 


| direQly under i it, is marked E. P., ſignifying equal parts. my 8 
4 Eu, Mk to which, the . of 
the nautical: meridian are fitted, by increaſing them in their true propor- 
tion; which is readily done by the table in Art. 13, taking the meridional 
degrees from the ſcale of 7 parts, or degrees of longitude. Theſe 
| either to conſtruct 2 Mercator's chart, or 
to ſhew 1 che a diff lat. 3 e A of Jati- f 


Theſe equal parts are degrees | of 


two lines, or ſcales, are uſe 


tude, _ Wer. . \ "Ii, 


Fx. > 
pr ts 33 1 The 
4 g 8 
EY * FOR - « 4 5 . 
: ef | y ” - 1 


A, 6 


Bock VIII. GLOBULAR SAILING. 183 
The . ein of a Mercator*s chart (or rather the limits or borders of 
it) is eaſily performed by theſe lines, by transferring the diviſions, corre- 
ſponding to the degrees to be uſed, from theſe ſcales to the paper the chart 
js to be drawn on. See Plate XII. Thus: 1 's „ 
On an eaſt and weſt line (As) apply the extent, taken from the ſcale 
of longitude (EY), between the degrees of longitude where the chart is to 
begin and end (ſuppoſe between the longitudes o and 80%. 
Through theſe two extremities (A, B,) draw two meridians (AD, BC,) 
\ each of a length equal to the extent, taken from the line of Jatitudes 
* _ (Mer.), between the two latitudes where the chart is. to begin and end 
f | 6 between the latitudes 237 and 59?). N . . 
IA ben the ſeveral degrees both of longitude and latitude, taken from 
- thoſe ſcales, and ſeparately applied in their reſpective places, will form the 
- boxgder©of the chart as required, ⁰ one yn, 2h 
The meridional difference of latitude is found by taking the extent, on 
te meridian ſcale, between the two propoſed latitudes, in a pair of com 
pailes, and applying it to the line of longitude; then the number of 
' equatorial degrees, and parts of degrees, being reduced to miles, will ſhew 
the meridional diff, latitude between thoſe parallels. 


I ᷑ be ſcale of longitude, which was put perhaps on all the two-feet ; 4 
Gaunter's ſcales made before the year 1746 for common fale, had each | 
degree of longitude rather Jeſs than *th of an inch, and the meridian 3 
* ſcale fitted to that ſize; ſo that about 85 meridian degrees came within | 
tze length of the ſcale : and conſequently the charts conſtrufted from f 
them had their degrees rather too ſmall to be of much uſe to ſeamen, 5 
whoſe inſtruments and hands are not, uſually, ſo nice as to work with 
_ tolerable accuracy on ſuch ſmall charts; and ſuch ſcales continue ftill to 
be made by ſome workmen, But ſince that time certain alterations, 
- conceived to be uſeful, have been made in Gunter's ſcales by ſome of 
the inſtrument-makers, to whom they were communicated * ;. and now 
a a degree of longitude. is made nearly half an inch, and is divided into five 
parts of 12 minutes each; and the meridional degrees, fitted thereto, are 
in two lengths, or ſcales; the firſt containing 40 degrees : and the other, 
beginning at 40?, extends to 68%; moſt navigations being performed 
Within thoſe limits. | 5 | | 6 
The ſcale 75 logarithmic tangents, put on the Gunter's ſcule, is alſo a ſcale 
of: meridional parts, or a-ſcale of the differences of longitude to a courſe on the 
- faurth rhumb, or to the rhumb making angles of 45 degrees, with the meri- 
 iqns, on a Mercator's chart. e EOS 0 
For ta the latitudes oe, 5, 10, 15% 20%, 25% 305, e.; the half 
| _, _ complements are 457, 4245, 407, 372, 35% 321 30 Sc. Therefore, 
= ' if on the ſcale of log. tang. be ſer the numbers 5, 10, 15, Wc. againſt 
 _.” the diviſions repreſented by 457, 42% 40% C., and the intermediate di- 
_.- viſions be eſtimated accordingly; then will thoſe diviſions, taken as lati- 
' tudes, be the log. tang. of their half polar diſtances, or half co-latitudes ; 
which (23) are analogous to the lengthened degrees on the meridian ; 
and conſequently Ns the differences of longitude on the thumb 


of 45". 
5 By the author of theſe Elements. I OT, 
1 + "i 5 PR” A bs | 83 Q 4. „ OR A ſcaly. pho 
; * * ; * | ö | RP ou % . ts . | ik | „ 
5 es Dea 75 * | $7 ö 3 < . ? ö a | 0 . F | ey \ > 
185 iy tr: : I | - | 0 
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A ſcale of equal parts, or a ſcale of longitude proper to this ſcale of 
meridional parts, may be found by the table, art. 13, p. 137. Thus, 
take from the ſcale of log. tang. marked as the ſcale of mer. parts, as 
above ſaid, the mer. parts to any propoſed latitude; then that diſtance, 
being divided into as many wet parts as there are mer. deg. ſtanding 
againſt that latitude in the table, will be the ſcale of equal parts required. 

Thus. The firſt 20 of lat. which is the diſtance from the tangent 
of 45? to the tangent of 35*, being divided into 20,4 equal parts, wi be 
the ſcale of longitude required. 
Alſo, the firſt 30* of lat. which is the ace between 45? 100 30 on 
the log. tangents, gives 31,5 equatorial parts. | 
And (which is the moſt Accurate among them) the diſtance between * 
the tangents of 45? and 22345 anſwering to the firſt 45 of t * : 
5 5 que 8 or degrees of the EP 4 


184 


OY . PROBLEM IL 


1 Th aud and "= Jong Ziven, to find: the elevating * on the 
1 chare. * Lagt. 855 250 the long. 17 * W. Plate XII. 
EY 195 RT 135 $oLuTIon | 
vt. In the gradusted 1 * take the diſtance betirirs PR pro- 
poſed latitude and the neareſt parallel of latitude drawn acroſs the chart 
with a Pair of compaſſes, as between the lat. 32 25' , and the parallel of 
0 5 p | 
? 2d. W ith other compaſſes, take the distance in the 0 parallel + 
tbetween the propoſed longitude and the neareſt meridian drawn acroſs the 
chart, as between the long. 17 217 W. and the meridian paſſing through 
20 of longitude, 
34. Slide the point of one eee Hows the meridian of 20% and-a 
| point of the other compaſs along the parallel of 30% keeping the points 
of each pair of compaſſes perpendicular to the line they ſlide along; then 
will the meeting of the other points of the compaſſes ſhew the place cor- 
reſponding to the given latitude and longitude ; ; which | in this example | is | 
the welt end of the iſland of Madeira. I 
This problem is moſt readily folved by the means of ſuch a moveable 
ſcale of longitude, as is deſcribed and uſed in the foregoing problem. 
Or thus. A meridian drawn through the degrees of longitude given, 
| | wad a parallel of latitude drawn through the given TOO, of NNE : 
a : air Is: will be the ord e : l 


„* ** 
1 TY _ 4 2 8 8 — 
— — — ——— == — — 
- 3 : * 1 — — 6ꝶ6— Tc — —_ ——— — 


b of! he DK EP meridian i is he 3 Ry latitudes « on he right or - lef . 
| borders ot the chart. 
1 The graduated parallel is the ſcale of lon ritudes on the top or bott | 
bee he ha Fon ee ea. e 


— -»* 


4 


* 


8 . 1 | n 85. P R Os 
3 83 . : : a, — 


£ | © 
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„% PROBLEM OL 


A place bis ng given oft the chart, to find its latitude and n 
8 8 0 e Palma, one of the Canary Iftes, . Plate XII. | 


EY Io . soror ton 


iſt, With the 5 take the ſhorteſt diſtance between the given 
place and the neareſt parallel of latitude; this diſtance, applied to the gra- 
Justed meridian from the faid parallel, the ſame way the place lies, will 
give the latitude ſought, Thus. the diſtance from Palma to the paralld 
of 30, es from 1 0 ſouthward, gives 28* 3 5 N. for the latitude 
ſou ht. YH) 
1 Md. In like manner, the ſhorteſt diſtance taken between the given place * 
| and the neareſt meridian, being applied to the graduated parallel from that 
© meridian, will give the longitude: thus the diſtance from Palma to the 


, » 
* 


meridian through 200; 122775 wour 20” ondary wil | a 17” ar- W. 9 x 
longitude, by" 1 Rod : 
5 WE, PROBLEM Iv. 5 1-3 : 


* Two places being given on a Mercator” 5 chart, to find their di 2 Y | IS 
| latitude and nee of longitude. | 


e R * mit eng and the iland of Porto SanQto, | Plats xU. 


| « '$SoLUTION. ... 

Find the latitude and 1 of each place; then the required at. 
; ferences are 97 7 5 lH 1 4 

iniſterre's lat. : 43 15 ong. = e 30 W. 

Ny are lin ke Porto Sancto lat, = 33 15 N. Long, = = 25 30 W. 

5 Diff, lat. = 10 oo * Jang: 2 8 25 W. 5 

. 5 'PROB LE MY... * 

£ 'To find the begring, or ne damen two gives Places ona Marcator's | 
f art. N 7 | 


as between Cape Clear and the iſland St, Michael Plate XII. 


$oivTION. 


oo the as of a Naber upon Cape Clear and ths middle of the inland 

of St. Michael; and; W the ruler in this poſition, take the ſhorteſt 
diſtance between the edge of the ruler and the center of the neareſt com- 
paſs, or fly in a pair of compaſſes; ſlide one point of the compaſles along 
the edge of the ruler, till the other point cuts the 3 of the fly; 3 and e 

| the courſe will be found to be SW, b. 8. W. nearly, | 
And the like for other places. 3h BET 


| 
| 
| 
5 — — 0 1 


1 438 ” 
| : N : * : 4 * 5 i , — 
4 - 2 + | , 

9 * * . g _ j 
s 5 i : * | | < 
as fo | 5 ; | 
: FLY . 
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. v 


33 ; | PROBLEM v1. 


| Two places being given on a Mercator: Chart, to find their di "OY 


„8. Caen Phi the Hives Places are bath wager: ihe N meridian, or 
e the Oy 11 


Bock VIII. 


5 solur ion. | | 
pe. Find the latitude of each place when under the ſame meridian, or their 
6: e if under the equator. 

Then the difference of the latitudes is the diſtance ſought 5 or, the dif 


= & 4 


| ference of longitudes 1 is the diftance ſought. 
_ $9. CASE Il. When the given places are both under the ſane frau, of 
e | 55 


De a between Cap Roxant ad the iNand of 8. George, Pl. X II. 


Sour ION. 


1 1 tr the 3 of 4 rules over the given places ; "take half the eee 
3 "af thoſe places with the compaſſes; » ſet one point on the diviſion cut by 
- the ruler in the graduated meridian, and apply the other point upward 
| and downward on the ſame. meridian,.. noting. the degrees of Etitude the 
aid point falls on: Then the difference of thoſe latitudes will be the dis- 
tance ſought nearly. 
Fhus, alt the diſtance between Cape Roxant and the iſland of St. | 
George, will reach from 385.40 the diviſion cut by the edge of a ruler 
laid over thoſe places, to 45 O0 northward, and to 32? 20/ ſouthward ; 
: the difference between theſe twa nap is Fry 40% or 76⁰ miles nearly, | 
5 for the diſtance required. 

But if the propoſed places lie H 2 parallel of latitude greater than 3⁰ 
arge it will come nearer the truth to work as follous: 
8 ake that meridional degree in which the parallel falls in the com- 
355 = and as many times as this diſtance is contained in a ſtraight line 
etween the two places, of ſo many degrees is their diſtance to be eſti- 

mated; which is reduced to miles as before. 

Thus the diſtance between the latitudes of 38 . N. and 39? oo N. 
hes ui be contained about 123+times- between Cape Roxant and the land | 
* St. George, or the diſtance will be 12? 40% as before.“ 
A third method, better than either, is as follows: Conſider ace . 
number of points and parts of a point is contained in the co-latitude 
of the given places, Extend the compaſſes from one place 10 the other, 
and ſet this extent from the center of any one of the compaſles, or flies, 
that is drawn on the chart along the rhumb which expreſſes the number 
of points and parts contained in the co-latitude, Keeping one foot of the 
Compaſſes i in the i whers it falls, Aye in the other until it ; wall juſt 


AAA Ä ————_——— eng 
AP „ Theſeo erations depend on FA following p proportion: UE 
+ I Ass mer. diff. lat.: Woper diff. lat.:: diff. loog. : 8 5 * which will 
4. wo kes — * lictle from ns meridional en * * places are very 
a e 2 


. 4 ' ; * 
1 1 7 f f — 5 'X 4 : , p f 5 2 . 42 
e KN - e | 1 | | 


touch 
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touch the meridian that paſſes throu ugh the center of the fly; and this 
11 


extent being applied to the graduate arallel will give the diſtance be- 


| tween the da places i 1R aan 121 is plain from the e of We a 


ſailing. ; 
90. CASE u. When FE given 7000 di e both in latitude and 8 
Prom > Mc the Lizard and: the Mand of Corvo. have: Ie Fi ig. + 


+ en 


5 Find the latitudes of the two. places, and thetr diff, latitude, Take tha = 


if. lat. in degrees and parts from the equator. 
Lay the er of a ruler over the two places; and Nide one point of the 


Ln along the edge of. it, until the other point touches a parallel 
(without cutting it); en, the other point reſting here, take the diſ- 
tance from thence to where the edge of the ruler cuts this parall 
which being meaſured on the graduated parallel, will give the diſtance 


a ſou ht in degr ees. 


Thus the "difference of latitude between Corvo and the Lizard i is x0® 
e9/; then 10? 09/ taken from the graduated parallel, and one point of the 


 compaſſes applied to the edge of a ruler, laid in the direction cr, ſſide 
that point along CL till the other point touches the parallel of 50 degrees 


in E; then the diſtance Dt, meaſured on the graduated parallel, mo 


about 20? 25/=1225 miles, for the diſtance required. 

For, if the difference of latitude DE be taken on a meridian through 

| from to ; and the parallel of latitude FH be drawn, cutting the * ear 
line CL. in n; then are the triangles LDE, ner, congruous; and Pe 
12 (II. 95, 102) 

. Now it is evident, that the parts of the triangle CFH, cor, —9 the 

| me proportion to one another, as have been ſhewn in Art. 25 of this, 

Where cr is the proper diff. lat. eG the mer. diff. lat., GL the Ack long. 


un the departure, and ch the diſtance: e the vill * wh 


| Sound as Wanke A the true diffance ſought. | 


Gt RX PROBLEM, VL 


| »»Given the latitude and longitude of the departed place, & . 
11 . 2 8 the 2er 5 a ee that aud the 1 r 5 
| rn ES £4 28 Ti #74434 oy 


PO , Exampun” | | 
I Kok om we if hand 67 Flores runs SE. b. 87 5 un ſhe bads 1 


F 
| > IS „ K 


{ To” AS ve a 08 Tn Pp 8 0 L v T. 1 0. 


＋ krou ugh als Jepprigh, place, Flores, draw. the givin eh,” vix. 
SE. b. 8. XE. and its interſection with the parallel of latitude drawn 


410 y 5 


3 f 28 Ye 855 


through the latitude, of the (TS place, viz. 27 29, will give the ſhip's 


Place on the ehart; w. be near the Wand Ferro, © or in lat. 5 
N longs a 455) 1 1511 10 


ie ade W Eu gd] ; 1 her oa Place. Plate XII. | 


* K 
* * 1 
; : 2 ; 
* . 8 N 
> / e . 


* 
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92. 0 N 0 B L E M VIII. * is; g Tice 2 4 
| Ginn hap pay nd an cs nd jy Fu 1 


| TY ad on the chart. 


DN ITT e Nn 1 
i ſhip from the iſland Ferro runs NW. b. N. IW. oor 0 ; 
x is the latitude and eee of the 1 place? Plate XU. 
8. wy. To | 


ee ee 8 N . 15 — 12 


5 the e edge of a 8 over Ferro in the poſit of the — earls 
NW. b N. & W.; take the degrees, 15* 5½ in the given diſtance, 951 


miles, Roms the "graduated . and apply this extent from Ferro 


along the ruler's edge to x; take the neareſt " ilkahes between R, and 


A Paal pz drawn through Ferro, and ſee how many degrees this ex- 


tent makes on the graduated parallel, which will be 11 3 53 3 thoſe de- 


| grey countes.1 northward from Ferro will give 39 23/ N. for the ſhip's 


titude ;, then the point G, where a parallel through this latitude” inter- 


fects the edge of the ruler, ſtill Tug in uns 1 F 1 the 


| 92 8 preſent place. 


kent nr plac a * XII. 


4 


9 * the Ni is due ef or woſt. | j "NP o 5 N 


1 ! d 
"A A from Cape Ronan fails Fob: weſt 755 miles: badet ber pre · 


* 
\ 


| WE ICS | „ 

Tike hatf the degrees viz. 6 20% in the given diſtance ON wie; _ 
An to, and ſubtract them from, the given lat. 38 427, noting: the 
fam 45* 02/, and the remainder 34% 2 220 then the extent between thoſe 


vegrets, taken in the graduated meridian, and applied from the given 


place weſtward in the parallel, will give the ſhip's" preſent m_ ; Which 


the iſland of St; George. rote 125 


will be near the iſland of St. George. 


*4 
\ 


Or thus, if the latitude be above 39 degrees + 5 - 
Take che length of a degree in the latitude of the given parallel, as 


muck above: the parallel as below it; and; turn. this diſtance over in that 


parallel, the ſame way the courſe is, as many times as there are degrees i in 


the given diſtance, and this will give the ſhip's place. 


"bus-the length of a degree taken in the Jatitude .38 42, and turned 
over from Cape Roxant to the weſt 127 times, the compat es will fall on 


Or lay the edge of a ruler over the center of a fly, i in the direction of 


that rhumb which makes an angle. with the, meridian, equal to the co- 


latitude of the given place. Take the number of degrees in the given 
_ diſtance from 3 graduated parallel, and flide one foot of the compaſſes 


along the edge of the ruler, until the other touches the meridian paſſing 
through the fly. Keeping one foot fixed, in 2 poſition, by the edge of 


the cuſery open the other to the center of che fl ade then ſet this extent 


from the given place along its ate? of latituc 


age it will give the 
1 place of the * 


. PRO. 


Book VILE GLOBULAR SAILING. 189 


94 1 PROBLEM is þ 
T4 Gram FE departed place with the difference 4 latitude and | dflance: * Re 
| quired , 5 b on the chart. | 


E x A M P 1 k. 


2 ſhip from Q fails i in fo SE. quarter 951 miles, and then gde berſelf 


i in lat. 27 48“ N., l.. altered her latitude 115 vs n her pre» 
ſent ri Plate XII. ig. 5. b; | 


SOLUTION. ey 
55 Take the 1 of latitude, 115 35% from the graduated WF} 
| lay this extent from Qalong the edge of a ruler, lying north and ſouth, to 
&; turn the edge of the ruler about x, till it lies i in an eaſt and weft poſi=. 
tion: from the graduated parallel take 15 51 the degrees in 951 miles, 


the given diſtance 3 apply this extent from O, to cut the edge of the ruler 


in v; let the points of the compaſſes reſt in q and v, and apply the edge 


of the ruler cloſe to thoſe 3 ve 8 then the point p, where the parallel of : 


1 48" i is cut by the Folk s edge, is the ſhip's place e 
PROBLEM X. 


e the departed 5 with the courſe and di Ene 7 bei. E. i 


8 yore the oy s Place on the chart. 
EXAMPLE. 


A ſhip ko Pk NW. b. N. 4 W.: required "I . when he has 


altered her lopgitude 12® 53's Plate XII. Fig. 5. 


SoILUur Io. 
Take the given difference of longitude 12 53' from the graduated pa- 
rallel; flide one foot of the compaſſes along the edge of a ruler laid on r, 


in the poſition PQ of the given courſe, until the other foot juſt touches a 


meridian PT drawn through p in 1; then will the point Q, where the foot 
reſts againſt the ruler's edge, be the place required. 


96. if the 9 5 had been due eaſt or weſt, 5 


EXAMPLE. 
; HA ſhip hom Cape 1 ſails due weſt until ſhe has altered her longi- 
oe 169 40%: / IO” her place on the chart. 


$oLUTION _ Ns 
Take the difference of longitude 16 40/ from the dal an 2 


then this extent, applied from the given place, Cape Roxant, due weſt, will 


ive the pines required, which is near the land of St. ol + or 
97. F) ARTE. 0 ww; 


Given the departed place, with the e wil lettuce. wa nee, 4 


| e W 1 5 ere on the chart. 
EXAMPLE. PAR 


A thip Spins 1 in lat. 39 23 N., fails Rae the fouth ind eaſt FT 
comes into the lat. 27% 48'N., having made by account 649 miles of 
e ee the ſhip's preſent place. Plate XI. Fig. . 


0 SOLUTION... 
Take the given difference of latitude 11* 35/ 60 the eraduated pa- 


rallel, and a TILE this extent. from Q, along the edge of a ruler laid in the 


2 808 C to x; take 10 49 009 miles, the given departure, 


* 4 — 


® 
« 


4 2 1 „** 
* BC r WO. 
e 


from 


8 * 
Fa 
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from the graduated parallel; ſet ane foot on X, "and lay this extent eaſtward 
to v. ſo that xv bein a perpendicular poſition to the ruler's edge © lay the 
edge of the ruler on the points Q and v, and where it cuts 2p, the parallel 
i... the ſhip's preſent latitude in v, is the ſhip's place. 

Then the longitude, courſe, and W IE. be 6a as before. 
| Ber Articles Bg, Þ 90 1 5 


* PROBLEM XII. 35 


Given the FIR Place, with the courſe and depertare: : ba te ip 
| Place on the chart. ET 


EAA 5 


ook ſhip 68000 7 e, in iy 27* 48 N., fails NW. b. N; zw. u until he 
E r 649 miles of FREIE: : Ing, 155 Coane mY Plate . 
8 * | | 
: "Sonu nas.” | | : 
5 the * of a ruler over the given place p, in the Pede 1 che given | 


courſe NW. b. NA W.; take from the graduated parallel 10? 49/=649, 


te given departure, and ſlide one foot along the ruler's edge, until the 


other foot juſt touches a meridian Pr, drawn through v in s; the diſtance 
SP, nie of to the graduated parallel, gives the diff. latitude ; and conſe- 
_ quently the preſent latitude is known: then where the ruler's edge, lying 


in the ſame e cuts n parallelel of lat. TI as in * is che 
2 1 | 


WEE... PROBLEM XIII. 


Given the departed place with the di e and 1 0 To find the air s 
. Po on the _ 


EZ Arr. 


"A ſhip "Rk Qzin 19 30 23 N., in failing 8 the fourh 5 eaſt 
51 miles, found ſhe has made 649 miles of ag Where | is the 998 
N Plate XII. Fig. 5. „„ | 


18 sor urin. . 
From the tat llel We 10% 49'=6, miles, the | iven * ar- 
ture, and lay this extent from 6 0 Grey 649, with the ive I e 517 
Si miles, the given diſtanee, taken from the. graduated parallel, one 
foot being ſet in Q; with the other foot cut the edge of a ruler laid on o, 
as a meridian, in v; then ov, meaſured on the ad parallel, gives 
the diff. latitude, and N the preſent fat itude 27 48* will be 


found: lay a ruler's edge over Q and v, and EY ite cuts 12 PR of 
IF "49% as in P, is the ip's 20 9 . 41 


: : bi . , * N * A 4 * $f * \ 
k þ j« 4 A Py 7 4 z 2 5 ” * 9 5 4 6 ** 
A * * p a * 7 a 5 
: : 4 * » * * 0 y % * 
1 1 1 3 7 1 * , 0 * N 5 : 
4 | > a 
? | f | * 8 % 0 
* * % - : bs on 
. p . 7 py 
wy 1 . 
* 5 
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EO Io VII. | 
07 "ſailing on a Great Circle of the Sphere. 


\ x00. GREAT CircLE SAILING is the art of finding what places a 
ſhip muſt go through, and what courſes ſhe muſt ſteer, that her track 
may be in the arc of a great circle (or "OY ſo) paſſing 1 the 
5 place failed from and that bound to. 


Although Mercator's failing reſolves 1 al he walls. incident to 2 
- hip's courſe along the rhumb' paſſing through two places; yet there is f 
no caſe in which the courſe performed on the direct rhumb line is the : 

'- ſhorteſt diſtance between thoſe two places, except when * both = | 
| ring the ſame meridian, or 5 the equator. | 


= 3 or, on the ſphere, the ſhorteſt diſtance between two 1 is the are 3 
0 of a great circle intercepted between them (IV, 23) ; conſequently the . N 
ppiral, or rhumb, paſſing through thoſe places, is not the ſhorteſt diſtance, 1 
except when that rhumb coincides with a great circle, amiga can only be 
en a meridian, or on the e 


— 
— 1 2 _ 
„„ IS a ee *— * 


I.̃t is chiefly on N of the ſhorteſt ſits that this method of fall. 
4 ing has been, propoſed ; and, for the moſt part, it is s advantageous & u 2 
hip to reach her pott by the ſhorteſt way ſhe can. 


3 

As the SPIE Tee of the caſes in Mercator” 8 Gilg were 8 be- | 
plane triangles; ſo the caſes in oe” en . are e ney the 1 
Glution of ſpheric triangles. | 95 

D ks | 

| 


; A great variety of caſes may be propoſed in this kind of failing ; ; but as 
| 9 ſerve rather for exerciſes in the ſolution of ſpheric triangles, than for 
any real uſe toward the navigating a ſhip, thoſe which appertain to one 


Problem only will be here more particularly conſidered, as er are the 
moſt uſeful caſes that uſually occur. 


tot. The angle of e is an a le which a great circle, paſſing 3 
over two places, makes with the meridian of one of them; and thews the 5 
l e 4 one ' Place from the „„ 


PROBLEM. 


| en the lati tudes and lengitudes of tio places on the E arth: R equi read 5 
their negreſi diſtance on the ſurface, 25 8 with the my 7 pe tion rem 7 
1 either Place to the other. : | Ne 


7. bis Problem may be branched into fix Caſes. | 
103. Cann I. When the two Mates 1 lie under the 79 meridian. 
 SoLuTION, Their: difference of latitude will give their diftance ; 3 and 


4 the een of one from the ber will be 9 north or ſouth. 
; > Mp Casp bo 


. 
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103. CAsx II. When the two places li under the equator. . 


' SoLuTION, Their diſtance is equal to their difference of longitude, 
and the angle of poſition is a right angle, e or the 2 from one to the 


other is due eaſt or weſt. | 


104. Casz III. When bath places are in | the ſame paralle 7 liel. 


 ExameLe. What is the leaft di eee between vt. Mary „ in latitude 
37 oo N, longitude 25 0 Wi, and RATON” in latitude 37" oO, un- 


| rats 76525 W. od 


Silit Consravcrion. Plate XIII. Fig 25. 


- 1ft. Deſcribe a circle ezsq, repreſenting the meridian of one of the 
(£5 8282 of the eaſtern one, as St. Mary“ s; draw the line EO repre- 


the equator, and at right angles to it draw the line ps, for the 

2 the earth, the extremity of which, 2, is the north pole, and s is the 

Beuth pole; and on this circle lay off from p to A the e pf: we 
latitude of (St. Mary's) the eaſtern place. | 


2d. On the equator, lay off from. @to i c (iv. 70) the differetice- of 


' longitude between the two places (51 237); and through p, c, s, 


(lle 72) deſcribe the circle p c 8, which will be the meridian of the other 
place (Cape Henry); on which lay from Þ to B the co-latitude of this 


place; which is done by deſcribing the arc A 4 about the yo P at mw 


_ at the diſtance of the co-latitude., + 


3d. Through the points A, By D, deſcribe a great circle ABD. < l. ny 
Then A repreſents one place (St. Mary” 5), B the other ( Cape Henry) ; 


va and PB are their co-latitudes ; the angle APB, which is meaſured by 


the arc Qc (IV. 9), is the diff. long.; the arc AB is the neareſt diſtance | 
of thoſe places; the angle va is the angle of poſition from A to Bz 3 and 
— angle PBA is the angle of poſition from B to A. | 

"P he arc AB may. be meaſured as directed i in, Art. 70. Book Iv. 

And the angle PAB, or PBA, as ſhewn i in Art, 72. Book IV. * 


Now the places having the ſame latitude, pa is equal to ps, and 
ABBA (IV. 90), „Therefore, if the arc PI be deſeribed (IV 75) 


making the angle ArI g 25 412, the half of the difference of n & - 
PI will be e to AB, and biſect it.] 


And in the triangle A1P, che ane at Ty there will be given the hy- 


pothenuſe AP=53* oo“; the LapI=25* 41: to find the leg Al=half 


the diſtance ſought, : and the ral = the angle of poſition. 


The ſolution falls under Art. 130, 132. Book IV. 7 


\ 
\ 


if 3 
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. To find the dance. | 8 | 
As 8 ä lor, As tad... :/ + Soo 10, ooo 
To ſin. hyp. PA; To co-ſ. lat. e v0 9.90235 
So fin. giv. . API, So ſin. 2 diff. | long, = "85 413 -- 963702 

To in, leg at. | To fin. 2 diſtance _ = 20 155 9, 53937 


3 e doubled, gives 40 31for the diſt. a . 


And this 40 31 reduced to nautical miles, is 2431, which is 31 miles leſs 
"Th than 2462, the diſtance given by parallel failing. See Art. 4.2 of this. | 


T0 find the angle of poſition. | 
As radius, on. As rad. ; 
To co-ſ. hypoth. PA; To ſin. lat. * 


37 O0 9.77946 
So tang. giv. Cart, Soc tang. 4 diff. long. 


25 415 9,6838222 


T U 


l 


To co-t. L.A. + To co-t. 4 poſit. b 


2" 


| theſe courſes are to be thus altered will be ſhewn hereafter. 


1056. Ca IV. When one Place bas latitude, and the other. has 
none, or is under the equator. 
7. AID I hat is the neareſt diſtance between the Iſland of A ee 


in lat. O oo, and long. 15 O00 E. and Port St. Julian, in lat. 48? 51's, 
and longitude bg? 0, 5 


n Long. 65% 10 W. 
. St. Thomas, in lat. 000 _ Long. - 1 co E. 
7 Jaan ln. 55 41 oy. 115 Diff. long. 66 10 


| By Consraberio u. Plate XIII. Fig. 26. 
Let the point A be St. Thomas under the equator, the poles of which 
are p and s. 
Make 8 the meaſure of the angle ASC, equal to 669 100 diff. long. 


Then as Port St. Julian i is in ſouth lat., akon 8 this ſouth Bo at 7+) 


| diſtance of Julian's co- lat., deſcribe the arc aa, cutting SCP, the meri- 
dian of Julian, in 3. (IV. 66.) 


Through the points A, B, E, a great circle being deſcribed the arc An 
zs the diſtance ſought. . = 
The diſtance AB may be meaſured by Art. 70. Book IV. 

And the angles of poſition at A and B are to be meaſured as directed i in 
: Art. 72. Book IV. 


"S. i 


= 2 - - - " 
— — 5 Me 4 
nn 


1 


»» 


For the complement of A complement. 15 2 arc © itſelf Thus Qa, or the | 


diſtance from , the Equator, , * the lat. * * is the comp. of ar; and. 
AP of 40 * | 
TM... R $7 Couru- 


\ 8 


- = — * — 3 x pr 
1 OF T . — 8888 3 
* 2 - LOOT pe hy > RT eee Ab be 3 AE AP ö ' . 
Fw rr on Hilo ee on cad Arr % —— 
* 2 8 


99% 00” 10, 


bats. + i , 
r 


2 9.46168 


. appears by this, that to ſail from A to 8, or from B; to A, the ſhip 

muſt firſt ſteer N. 73 51” W. or E.; and then gradually increaſe her 
courſe till ſhe comes to 1, where it will be due W. or E.; and from thence 
the courſe is to be gradually diminiſhed again till ſhe comes to the other 

port, where it will be 73*-51', the ſame as ſhe ſet out with: But how 


5 


rr EE 
* * * 


n 


— 
Ae 


1 
S 1 


: 
J 
4 
1 
I 


es > Axa Ei on fide ACS, 2 - 
* : T 


wc d 


, 
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. CompurariON. In the 8 triangle ASB, there is 

Given the co-latogt St. Thomas, or A5=90* 00 } The reſt are found 

the co-lat. of Julian, $B=4L o oF in Art. 162, Book 
| the diff. longitude, ASB 66 10 JIV. 

Or, in the ſupplemental triangle ac, right-angled at c, there i is 
Given the lat. of St. Julian's, or the leg cB=48* 51. 

dhe diff. longitude, or the leg cAa=66 10. 

740 be ſpiption falls under Article 149, Book IV. 


As io. | Or, 5 * radius = 90* o 10,00000 
To co- . either leg; | To co-f. diff. Es Ac = 66 o 9,0646 

So co:. other leg, | So co-f. diff. lat. n = : 48, 51 2 
| 'B co-ſ. hyp. | To co-\. dit. 5 = 74 35 . 9, 42471 


Soc that the dit. AB=74* 35 is 447 5 miles; which i Is les by 57 miles 
than the diſtance found by Mercator's failing. 


"_" the angle of poſition at A. av: $39. 95 


As radius, 5 OE Or, As radius = 90 O | 10,00000 
To ſin. leg ac; [ To fin, dif. loog.' ac-= 66 10 9796129 
So co-t. leg . Be | $9 co-t. UF, lat, c = 48 51 9594146 
To co- t. op. 4 ” Ns | To cost. poſit. at A i 22 9,9027 
V find: the angle of e tion at B, . 
As radius, EEO Ore, As radius — oo oo! 10,00000 
To fin, leg 3 To fm. diff. lat. cn = 48 51 9.87679 
So co- t. leg ac, | 80 co⸗-t. diff. long. ac = 66 19 9.64517 
To coet. *. 2B. . poſit. at 5 = 71 36 9.52196 


So chat a fhip ailing from the Iſland of St. Thomas muſt firſt ſhape 
her courſe 8. 51 22 W.; and then by conſtantly altering her courſe to- 
wards the weſt, ſo as to arrive at Port St. Julian on a courſe 8. 71 36 W. 
ſhe will have failed the ſhorteſt diſtance between thoſe places, 


3 90. Cass V. When the latitudes of the given places are bolb 
north, or both ſouth. 


 EXAMPL E. What i is the neareſt diftance between the Lizard 20 U the ; 
** of Bermudas; and alſo the angles of poſition at each place? N 


* The lizard in lat. 49 5 N. and long. 5 21 W. 8 
e 35 N. af. 63 32 W. . 


5 Diff. Ye. 58 1 11 5 
By 66 Plate XIII. "IN 

Make PAZ 5 thr 25/, the co-lat. of Bermudas; pa=40* og, the co-lat. 
. of the 3 Uv. 68) with the Wks 0 7g deſeripe the 7 < 
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With the ſecant, of 58 11 the diff. long. (IV. 76), deferibe ares from 


r and s, which give the center of the circle pos, the meridian of the Li- 
zard ; its interſection with a @ gives B the place of the Lizard. 


Deſcribe a great circle through A, B, D, (II. 72), and the intercepted | 
arc AB is the diſtance ſought; and the angles PAB, PBA, are the poſitions 


required. 


N The diſtance AB may be meaſured by (IV. 70); and the poſitions by 
(IV. 72 


Had the eaftern place, the Lizard, been put on the primitive circle, the 


great circle AB would have been difficult to deſcribe ; and therefore the 


weſtern place was put on the primitive circle, it e a matter of indif- 


ference which of the places is ſo taken. 


CompuraTION, In the oblique ſpheric triangle APB. 
Given Bermudas's co-lat., A= 57 25 
| _ Lizard's co-lat, rB=40' 03 Required the reſt, 
5 Diff. longitude: 4 AP BZ 58 11) 
The ſolution falls under Art. 151. Book IV. 


To find the diſtance AB. . 

As radius, 9 Or, As radius ö = 90*® Qo' 10, ooooo 
To co-ſ. giv. ; Too co-ſ. diff. long. C APS 58 11 9.72198 
So tang. eith. dae, So tang. Berm, co- lat. A= 57 25 10, 19442 

To tang. M. \ f „ tang, fourth arc. - = 239 41 5 9791640 
| 5 Which take from Lizard's co-lat, = * 40 03. 
Leaves a fifth arc 81 = 15 

As co-ſ. vl, Is co-ſ. fourth arc = 39 31 , 11270 
alls; No co-f. fifth arc e 9, 99998 
So co- ſ. fide 1{t uſed, So fin. Bermudas lat. 2 3 33 K 91121 
To co. ade fon To co-f. Ciſtance as 9: „ 9,84389 


70 find the angle of poſtti tion PRA. (IV. I 50). 


As this angle is oppoſite to the ſide uſed in the firſt proportion, therefore | 


the fourth and fifth arcs here uſed, are the ſame as above. — 
As in. W,. ; | As fin. fifth arg =, o* 42" 2,03113 
To ſin. 1x To fin. fourth arc \=3 2329 Ft 985368 
So tang, given 4, |S0 tang. diff. long. A ay == 58 11 10, 20731 


= Is tang: req. J. To tang. 4. poſit. Lena. = 89 29 _ . 1404416 


To find the angle of poſition p AB. 
Tha other parts being found, this angle may be found by the proportion 


between oppoſite ſides and an les. Thus: 


As ſin. PA, Or, As ſin. Bermudas“ s co- lat. 57 "4 0,07437 
To fin. A { To fin, 4poſ.at Lizard = 220 9.99998 
80 Un. BP, WOES So in, Lizard's co- lat. 9,8085 2 
| Ton, K ra, | Tofin.4poſ.at Bermudas 49 47 9.88287 


R 2 hs Or, 


; ; . — n og x 
C —O£ TL 99 r 12 2 
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- MP working by Art. 150. Book IV. the ſame. angles would be ob- 
ned. 
ET Had the two firſt proportions been 8 with the e latitude i in- 
- _.__ {23d of Bermudas's, the ſame diſtance would have been found. 
Wy the ſhorteſt diſtance between the Lizard and Bermudas i is 45? 44, 
ES 2744 ſea miles; whe is 56- miles leſs. than the diſtance found by 
. ere s failing. 
5 | "= a ſhip to run this ſhorteſt tract muſt fail from the Lizard 8. 
99 29/W., and gradually leſſen the courſe, ſo as to arrive at Bermudas 
2 8 "4% 5 this rhumb bearing S. 40% 47 W.: whereas the direct courſe from one 
ace to the other, as found by Mercator s failing, is S. 68% 0g/ W. 


"9 7 CasE VI. When one of the given Places has north 22 
5 and the other has ſouth latitude. 


3 V X AMPLE, What is the neareſt diſtance from the Iſland of Se St. Helena ts 
RR 115 ens of Bermudas; and alſo the angles of poſition at each place? 
8 Iſland of Bermudas in lat. 329 35“ N. and long. 63 zz W. 
Illand of St. Helena in lat. 15 55 8. and long. 5 49 W. 


5 Dig. long. 575 43 


—— — 


By e Pl. XIII. Fig 28. 


Make rise 55/, the lat. of St. Helena; deſcribe the arc aa about » 
(v. 68) with the tangent of Pag 57 25, the co- lat. of Bermudas. 
Ares deſcribed from Þ, s, with the ſecant of 57* 43', the diff. long., will 
ve the centre of the circle Pcs, the meridian of Bermudas; ; and its in- 

erection B with aa, is the place of Bermudas. | 
_ Deſcribe a great circle through A, u, p; the intercepted are AB is the 

_ Cittance ſought, which may be meaſured by IV. 70; and the angles Pas, 


A5, are the poſitions required, 2 are to be meaſured as * in 
Att. 72. Book IV. 


CoMPUTATION. In the oblique Ghede . . 
_ Given Pa=105? 55% St. Helena's lat., added to 907 z or its N, pol. diſk. 
PB= 57 25, Bermudas's co-lat. | i ; 
L. APB= 57 432 their difference of longitude. * 


„ find the reſt, he ſolution falls under Art, K I 50, I 51. Book Iv. 
i To find the diſtance aa. | 
| ; A; „ [Or, As 5 3 gc o 0, coοο 
þ To co. ſ. r; | To co-l. diff. long. = 57 43 9.72763 
| 'S. tang. , Jos tang. Berm. co-lat. = 57.25  _10,19442 
= To tang. 1. To tang. fourth are = 39 33 92205 
„ Which taken mow > =105 55 = St, Helen's N. 
Bo Re 8 — lar diſt. 
. . : Leaves: a fifthare = 66 02=x, (Fo * 
. 3 M, 10r, As ol 9 e = 39 . 1 | ads 01 
To co-ſ. x To co-f. fifth are == 66 FI | 985075 . 
85 | 80 co. . v, | So fin, Bermudas lat, RS 47 36: + 173121 
Fo © To 80. An. 5 10 co· . ciſtance 5 on 1 71 26 9,4549 


- q ; 8 . — ; \ 
$ + — ; |; : i ö 
Wh, | ; Ta 
: f * * - - » . . 
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| ; ao T find the angle of poſition PAB. 
27 T he fourth and fifth arcs being found as before, 


As fin, , [Or, As fin. fifth arc 
29 2K M3 To ſin. fourth arc. 
So tang. Ar, So tang, diff. long. 


66 027 0.039 tf, 
39 53 9,800 1 
$7 43 10,19, 


ILL 


48 00 1000 5 


—ñ—UƷäoẽ x 


To tang. 4. | -- To tang. poſition ran 
To find the angle of poſition np. EAR INE 


To fm. r; „„ „o in. dit. sg. . = $7 45 9.02% 


l 


N 6 8 i 5. N 7 
- To ſin, LABP. To fin. £ poſition apy - = 58 0“ 9% - 1 


4 


But becauſe the given difference of latitude is leſs than 90⁰5 and e 


PA greater, the angle ABy muſt be greater than 90%; and is, there: 
1219 59% which is the ſupplement of 58? 01/. „ 


3 


on 


a * 2 r t 5 
ee 3 IC es  -, 


R 


So that were a ſhip to fail from St. Helena to Bermudas on the 2rc c* 
a great circle, ſhe muſt firſt ſhape her courſe N. 48* o W., and ©: 
dually alter it from the north towards the weſt, fo as to arrive at Ber u 
das on a courſe N. 58 oi! W., after having run 73* 26, or 4406 1..: 
miles. | )))) 8 


. 
wigs 
—"”" * 


The courſe found by Mercator's failing is N. 4845, W. and the dt. 
tance is 4414 miles. 5 ; 8 


By this it appears, that when the places are one in N. latitude, and: 
other in S. latitude, and neither of them far from the equator, there i. 
but a ſmall difference between the reſults found by Mercator's and groe. 
circle failing : for near the equator the rhumb lines do not differ great: 

, OE Os 1s 


** 


From the ſolution of the foregoing caſes it is plain, that to fail on be 
arc of a great circle, the ſhip muſt continually alter her courſe. But 
this is a difficulty too great to be admitted into the practice of Navi 
tion, it has been thought ſufficiently exact to effect this buſineſs by + 
kind of approximation; that is, by a method which nearly approackcs .., 


_ ſailing on a great circle, 


i 108. The principle upon which this approximation is founded, is 
in ſmall arcs, the difference between the arc and its chortl, or tangenti, 
ſmall, that they may be taken one for the other in any nautical operations. 


% 


5 8 . R 3 | | Una , 


e 


, . —_ 

. IG 9 mz 

* . 
$f 


| founded, 


198 GLOBULAR. SAILING. Bock VIII. 


Upon this principle, the great circles on the earth are ſuppoſed to be 
made up of ſhort right lines, each of which is a ſegment of a rhumb 


And on this ſuppoſition the ſolution to the following Problem is 


4 PRORLEM. bu. 
109. Having given the latitudes and longitudes of the places failed from 


and bound to, fo find the ſucceſſive latitudes on the arc of a great circle in thoſe 
places where t 


2 alteration in longitude ſhall be a given quantity ; together: 
with the courſes and diſtances between thoſe places. | 


50 SOLUTION, | Ts 
I. Find the angle of poſition at each place, and their diſtance by one of 
the preceding fix caſes. 5 Sl 


II. Find the greateſt Jatitude the great circle runs through ; that is, 


find the perpendicular from the pole to that circle; and alſo find 
the ſeveral angles at the pole, made by the given alterations of 
longitude between this perpendicular and the ſueceſſive meridians 


JJ | OR f 


III. With this perpendicular, and the polar angles, ſeverally, find as 
| many correſponding latitudes, by faying (IV. 148) 
As rad. : tang. greateſt lat.:: coſ. 1, polar C.: tang. 1ſt. lat. 
: gk >: cof. 2d. polar A, : tang. 2d, lat. 
| | . 9 c. i 


IV. Having the ſeveral latitudes paſſed through, and the difference of 
| longitude between each, find, by Mercator's ſailing (57), the 


courſes and diſtances between thoſe latitudcs,, and theſe are the | 


ſeveral courſes and diſtances the thip muſt run to keep nearly 
on the arc of a great circle. e 3 "+ 


The ſmaller the alterations in longitude are taken, the nearer will this 


method approach the truth; but it is ſufficrent to compute to every five 


degrees of difference of longitude: the length of an arc of five degrecs 
differing from its chord or tangent only by 0,0002 ; as may be found 
from the Articles 25, 31, 33. Book III. | 


110. QuesTION I. A ſhip being bound from a place in lat. 37* oof N. 


long. 22 56 W., to a place in the ſome lat., and in long. 76 23/ MW., it is 
propoſed ſhe ſpall fail as near the arc of a great circle as ſbe can, by altering 


Her courſe at every five degrees difference of longitude 5 required the latitude 


at each time of altering the courſe, and aljo the courſes, and diftances betwcen 


thoſe ſeveral latitudes, 


Lat. 


n 
Ll BY. 


PO. PIER r * If a7 
3 8 S ˙· Bo eee re eg 
3 


1 
"WS. £0? 
, 2 
. fs Ret, 


TRE EY 


4, ASCE => 7 5 nN. 
C on: 
7 a . 


8 
. 
: C 3 * 


N To find 71. 


| Now £ w»=(S—) 26* 4373 L Ira gr 434; 4L1pb=16* 43427; 


* 


Lat. of the place failed from is 37 O0 N. the long. 22e 56'W. 
Lat. of the place bound to is 37 00 N. the long. 76 23 W. 


— — 


The diff. of long. 53 27 


1 The figure being deſcribed, and the computation made as in Art. 104. 
the diſtance BA is found tobe 42 007, and the CA or £B=73* oꝙꝰ, the 
angle of poſition. Plate 2 5 


8 II. Fig. 29. | IS „ K ; 
ow the triangle Aps, being iſoſceles, the perpendicular pi falls in the 
middle of AB; and the latitudes, courſes, and diſtances, being known in 


running the half BI, thoſe in the half 14 will alſo be known. 


tion of five degrees of longitude : then will the arcs Pa, Pb, Pe, Pd, &c. 
e the reſpective coelatitudes of thoſe places, and are the hypothenuſes of 


the right-angled ſpheric triangles 14, Ib, Pic, PId, &. 


| 35 | | As rad. „ee 10,00000 
In the triangle PIB. | To fin, eB. == $3 00: 9.9238 


Given PB 


aer n 7Y; OY 


| 


| 


Lic 437; L1Þd=6? 43%, are the ſeveral polar angles. 


Let the points 4, b. c, & &c. be the places arrived at on each altera- 


5% 00 5 5 30 fin. LB = 73 9 9,9800 


41 433116" 43711 437“ 6* 437 
Then rad. h 110,00000 10,00000 10,00000] 10,00000 
To co-t. 11? = 49 51 9,92612| 9,92612 9,92612| g,92612 
So co-ſ. polar angle 9.96800 9,98123] 9,99084{ 9,9970 
| To tang. lat. 9.89412] 9,99735| 9.91696] 9,92312 
| 5 Which are 38% og" 380 560 399 37 | 39® 57 


be degrees and min. ſet over each column, are the polar angles uſed 


in that proportion, and the correſponding latitudes ſtand at the bottom. 
111. The firſt term of theſe proportions being radius, and the ſecond 


term conſtant, the operations may be very expeditiouſly performed thus: 


On a ſlip of paper let the log. of the ſecond or conſtant term be writ- 


ten of the ſame ſize with the printed figures; apply this log. cot. ſuccef- 
_ fively to the log. co- ſines of the polar angles: Then the ſum of the two 

logs. being written down each time, will give the log, tangents of the 
| ſeveral latitudes arrived at. „ | n He. 


oy this method, each proportion will be worked by writing down only 
one line. „ | 4 

Hence it appears, the ſhip muſt firſt fail from the lat. 37* O N. to lat. 
8* 05/N. ; thence to lat. 38* 560 N.; thence to lat. 300 37N.: ; thence to 


4 at. 300 57% N ; therice to lat. 40% og N., which is the greateſt latitude 


o muſt go to; and from thence ſhe muſt proceed through the latitudes 


89 57% 39% 33%, 38e 56, 38 Oh and fo to 375 000, the parallel ſhe ſet 


a 


gut from, and in which ſhe is to find the place ſhe is bound to. 
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Now. Ot theſe fora latitudes, wa: the reſpective differences 


1 longitude, find, by Mercator's failing, Art. 57, the courſes and diſ- 
tances. 


If the reſults of the ſeveral operations, in the queſtions of great circle 


failing, be entered in ſuch a table as the following, it will be found of 
ſome convenience to the operator. | 


— 


_—_ 
— 9 


1 [Succeſl. Diff. Dift. Merid. Mend. 


* e 
P olar angles. | - longs. | lats. | long. | lat. | parts. | d. lat, Cour Dit. / BY 


"I * 


Lies 269 437/225 567 370 0 CCC 
1 27 56 138 of 300 | 65 2474,60 82,0 7443 246,6 
217 16 437 32 56 38 56 300 51 259,8 65,2 |77,44| 240, 1 
41 i 431 37 $6 139 33 1300 | 37 |2587,6| 47,8 |80,57] 2352] 
Lied 6 432 [42 56 139 57 300 | 24 | 2618,8] 31,2 84,04 232,2 
OF 49 392149 09 403,5 12 |,2634,5|' 15,7 $7.90] 30 . 39799] 


— 
—— — 


In the firſt column are the angles at the ade contained 3 the 
TS <A e and the ſeveral meridians differing by 5 of longitule. 
5 | In the ſecond column, the departed longitude 22 56/ being increaſed 
by the differences of longitude, make the ſucceſſive longitudes come to. 
| In the third column are the ſueceſſive latitudes paſſed through in ſail- 
RES ing from the place ſet out from to the greateſt latitude. 
| OY In the fourth and fifth columas are the differences between the longi- 
= . | tudes and latitudes in the ſecond and third columns. 
4 In the ſixth column are the meridional parts to the ſucceſſive latitudes; 
and in the ſeventh column are the meridional diff. of latitudes. 
The eighth and-ninth columns contain the courſes and diſtances be- 
tween the places anſwering to the ſecond and third columns. 
: The numbers in the third, eighth, and ninth columns, are found by 
| working the logarithmic proportions on a waſte paper; but the work | is 
| | here omitted, as it is fo eafily ſupplied. : 
Now the column of diſtabces being ſummed up amounts to 1261,9; ; 


_ which being doubled gives 2 52358 miles for the Gillance between the two 
laces. 


1 | | 1 the coui ſes the FR muſt ſteer ane, iſt, N. 74 4 43 W. 3 ad. N. 

= 44 W.; zd. N. 80? 570 W.; 4th. N.-84* o W. 3 sth. N. 879 

1 | 455 W.; 6th. 8. 87460 W.; 7th. 80 84 0% W.; 8th. 8; 80* 5 W.; 

| | ch. S. 77 4 W.; 10th. S. 74 43/ W. : and on theſe courſes ihe uſt 
1 the reſpective diſtances ſtanding inn bem. 


436; Quesrion II. It i 2 that a ſhip, 7 rom the Lizard to 
a place in lat. 32? 25“ V. and long. 65* 45/W. ſhall ſail on a great tircle, 
and alter her courſe at every five degrees of longitude ; required the latitudes 
through which the ſhip is to paſs, and alſo the W and diſtance between each, 
The Lizard's lat. is 49% 57” N. Lon 217 W. 5 
Lat. place bound to is 1 * N. 7 #6 65 45 W. Diff long. by 24 . 
| Having deſcribed the figure, Plate XIII. Fig. 30, and found the ZA 
VHT 35 he e 157 and n 1 54 as in Art. 106. 


* 1 pf B 


* 


1 28) 


and the meridian of the place bound to, 57 48, being taken from 615 


Lizard and the point 1; Alſo 5, the propoſed alteration of longitude, 
being ſubtracted as often as can be from 57 48”, leaves the ſeveral polar 
angles; with which, and the perpendicular pr the ſeveral latitudes arrived 

at are found by Art. III. | 


them, find the ſucceſſive courſes and diſtances by Art. 57. 


rithmic work being performed on a waſte paper is here omitted. 
Alſo, ſuppoſe the ſmall letters in the figure ſupplied. —- 


Soccer. [SocceT Diff Diff. Nerid. Merid-ſ e. 
longs. | lats. long. lats. parts. 4. lat. Courſes Diſts, | 


; ö 


I Polar angles. 


— 


WANs e 4 
447 188* 45] 137,5 


I 1449 57) 216) 38 4% 
2 3,188 56 107,4 


[Errn 3 36/8 50590 0068 347445 


41 8116 3849 44 | 251344997] 1; 
Lire if 78 21 3849 17 309 23 3408, 1 41,0 + os 994 
Zire 22/ 48 %% 38 (47: 42] 300) fi 47 %% 39 47853 
2 4 4 I 35 46 27 300 88 4 5 126,257 10 226.8 
4 2171 3 18 46 38 43 17 300 106 2886, 147,863 46 239,8 
[Arps 2 18 51 38 10 322 1271271439 171,5 15] 28579 

1 | 300 175 ? 219,8 53 46 296, 1 


ö 


OY - Shs 


* * . = ac % .* 


Now the ſum of the ſeveral diſtances make 2871,8 miles, 
Ar 


hut the diſtance in the arc of a great circle is 2874 miles. 
The difference of the two methods is therefore 2, 2 miles. 


4 


the meridional parts, in order to have the diſtances more accurate. 


Ai 


Wy. is 
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Draw pr at right angles to FTA , 

In the equator, lay off from the center the tangents of 5, 10, 15, 20, 

tc. to 55 degrees; and thoſe points give the centers to the arcs of co- 
lat. to every 5 diff. Jongitude. „ (IV. 75) 

To find the perpend. pfl. | 1 find the polar angle Apr. 

As rad. == 90 O | 10,00000 As rad. = 90 0o' 10,00000 

To fin. ra = 57 35 992643 To tang. La = 49 35 10;06978 
So ſin. Za = 49 35 9,8815880 col, ar. = 32 25 9,2922 
Io ſin. 11 = 40 oo 9,8080 To cot. LAPL 57 48 gg ꝙe 


Now the polar angle API, or the diff. long. between the perpend. pr | 


24/, the whole diff. long. leaves 3" 36/ for the diff, long. between the 


ben rp hrs. thoſe latitudes, and the differences of longitude between 


Let the ſeveral reſults be placed as in the following table; the loga- 


ira 2 48|11 3849 58 300 1413474! 21,7185 52 194,24 


Lr! 52 4861 38135 4 300 201 288005 242,7 51 02|. 319,6 | 
2 | 147] e ? | vs 3H [4207340815 


8 3 a BY 


n j ꝗ P ˙²— ½ . ] -w 
2 


In this example it was judged neceſſary to keep the fractional place in 


13. QuesT10N III. A ſhip being bound from a place in lat. 16* oo' S. 
lung. 6* 15 V. to a place in lat, 32 25' NM. long. 66* 38' W. it is pro- 
poſed ſhe ſhall ſail near the arc of à great circle paſſing through thoſe oe, 
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and alter her courſe at every 8 of longitude: required the latitudes where 
* thoſe courſes are to be altered, and alſo the courſe and diſtance between each 
Plate of alleration. „% ˙ BO $a Ike 0) 1 F 
Late of place ſailed from 16 o 8. Long. 65“ W. 7 Hir i co... 
Liz af alxce tinad. to 32 25 NLO 66 3 W.] big. . 
_ Having deſcribed the figure, Plate XIII. Fig. 31. and found the HEA 
2=120% I5';3 CAA 20'; and the diſtance AB=75* 19“; as in 
In the equator QF, lay off from F the tangents of 5 x0® r5®, Oc. to 55%; 
na and:thoſe points will give the centers to the. meridians paſſing through 
every five deg, of long. between the two places. SOA 
To find the perpendicular. Do find the polar A. BPI. 
As rad. 90 oO 10, oοοο ASG rad. == go® 009” 19,00000 
To fin... .»Þ = 35 992643 To co-ſ. By = 57 -35 9,2922 
So fin, 4, yBr = 59 45 993643 So tang. yur = 59 45 10,2349 


—— — 


= 


To fin.” a 46 49, 9.86286|To cot, 4vri = 47 25 9.95341 


. 


Now the ſeveral polar angles, longitudes, latitudes, diff. of longs., 

diff. of Jats., mer. parts, mer. diff. of lits,, courſes and diſtances, being 

computed on a waſte paper, their reſults are to be enteted in a table as 
I . . 3 


uifes.| Dif. | 
9 386,0 
8 400, 5 
| 4023 |; | 
411,7 
48, 
402,1 
388,8 
| * | 238 | Had 4 NY: £ 
Lire = 62 48 [51 15123 13 ee 2201930. It. | 35308 
£1eb = 57 48.156 15 1 ie 221 (53 37 | 335.9} - 


ira 52 48 [61 1529 zoo] 1891833 0. [55 47 320-1 
FF 20 38 200 [55 14 [3268] 
1 e nn 
114. The track of a ſhip when directed nearly in the arc of a great c ir- 
cle, as in the preceding articles, may be delineated on the Mercator's 
chart, by marking on it, by the help of the latitudes and longitudes, the 
ſueceſſive places here the ſhip is to alter her courſe; then thoſe places 
or points being joined by right lines will ſkew. the path, along which the 
'  fhip is to fail under the propoſed circumſtances.” © © 
_ — - Thus in Plate XU. the route propoſed in queſtion II. Art. 1c, is 
drawn from the Lizard to Bermudas, the ſituations of thoſe two places, 
- as they are laid down in that chart, being thoſe propoſed in this example. 
And notwithſtanding” this track on the chart appears much longer than 
the rifumb paſſing through thoſe two places, yet it muſt be remembered, 
that theſe rhumb lines are only the repreſentations of curves on the ſphere, 
the Wr lengths of which are not hereby expreſſed. 
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"SECTION VIII. 


| Of the errors ariſing in the caſes of Sailing, 
upon the ſuppoſition that the Earth is not a 
—_—- 5... „ On 


| 7 115. T he reaſoning and' concluſions in the preceding SeQions of this 
Book, have been delivered in the opinion that the Earth is a ſphere; but 


n 2 — ; ; 
oo, SiS e Ro +» Aire 


chat its figure is not that of a perfect ſphere ; its axis, or polar diameter, 
being ſhorter than the equatorial diameter. . 


which being fitted to beat ſeconds in the latitudes of Paris and London, 
were found to move ſlower as they approached the equator ; and the pen- 
dulums were obliged to be ſhortened about parts of an inch, to agree 
with the times of the ſtars paſſing the meridian (V. 264). This diffe- 


gens and Newton, to be a much greater quantity than could ariſe from 
the alteration by heat only, they, ſeparately, diſcovered that the Earth was 
Hatted at the poles*; and Sir Ifaac Newton has ſhewn in his Principles 


polar diameter is ta the equatorial diameter, as 229 is to 230. 


FY Ma. * 
— — 


Att 4 — —— } 
* * | ad * , : „ 1 ” — 


thought proper to add what follows, collected chiefly from Newton's Princip. 
Book III. Prop. 18, 19, 20. 4 | | 


CenTRIPETAL FORCE is, like Gravitation, that power by which heavy 
bodies tend towards a center. | 1 5 


the manner that the particles of water and thrumbs fly from a whirled mop. 
The ſwifter the mop is whirled, the greater is the centrifugal force, and 
the particles fly off with greater velocity. e „ 
The diurnal rotation of the Earth gives to all its parts a centrifugal force, 
by which the parts receding from the axis endeavour to aſcend about the 
equator; for if it was not higher there, the ſeas, from the centrifugal force, 


ſubſiding about the poles and riſing towards the equator, would lay all things 
there-under water. | | : 


have their power of gravitation leſſened. | | 

X falling body moves ſwifter as it approaches the Earth. 

tirar7. 
returns to its loweſt. point by its weight or gravity. 29% 
And the flower the vibration of the pendulum is, the leſs its gravitation. 


its lengthening by heat, ſhews a decreaſe of gravity in that pendylum ; and 


Farth ig a little flatted at the 
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it has appeared from many obſervations made ſince the Year 1672, 


I his notion firſt aroſe from obſervation made on pendulum clocks ; 


* 
1 * — — * 
wy, — „ . * 
— aug —— — — — — — 


rence in the lengths of the pendulum appearing to thoſe great men, Hy- 


of Natural Philgſophy, that this flatneſs is about 19 f miles, and that the 


To give the learner a notion how this concluſion was drawn, it has been 


_ CenTxrrievcal Force is that by which bodies recede from a center; in 


Bodies acted on at the ſame time by a centripetal and a centrifugal force, 


Gravitating bodies move ſwifter as their gravity increaſes ; and the cop- 


A plummet at the end of a firin , or a pendulum, when made to ſwing, 


Conſequently, the ſame pendulum vibrating flower than would ariſe from 


as this decreaſe of gravity became gradually greater in approaching the equa- | 
tor, the Earth muſt be more OO there thay at the poles; that is, the 


8 "IF 4g Fo 2 & "Ws. # 5 — 
— D — 


n . 
1 


* 5 
* a iT An = we ns; er Cs X gy” — > — — — — — 
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116. But, notwithſtanding: the ſcientific deductions of this moſt iccu- 
rate mathematician, many of the philoſophers in France embraced the 
ſtrange notion of the Earth's being of an oblong figure, the polar diame- 
ter being the longer. And as theſe different | notions were ſuppoſed. to 
retard the general progreſs of ſcience in France, their KING reſolved that 
the affair ſhould be determined by actual menſuration at his own expence. 


_ Accordingly, about the year 1735, two companies of the moſt able ma- 
thematicians of that nation were appointed; the one to meaſure. a degree 
of a meridian as near the equator as they could; and the other company 


to perform a like operation as near the north pole as could be conveni- 
J e bam; | 
117. For, the Earth being ſuppoſed a ſpheroid, and conſequently every 


** 


meridian an ellipſis, it was known, as a mathematical problem, that the 
reſpective meaſures of a degree of a meridian in each of two known diſ- 


tant latitudes being had, the relation of the diameters could be found: 
and, that if the meaſured lengths of thoſe degrees increaſed towards the 
pole, the figure would be that of an oblate ſpheroid, ſuch as Newton 


aſſigned; 6therwiſe, its figure would be an oblong ſpheroid, ſuch as was 


inſiſted on by Caſſini. Now the length of a degree of the meridian be- 


tween Paris and Amiens, or which had its middle point in latitude 49? 


-22/ N, was underſtood to be 57060 toiſes; “ having been meaſured by 


. , Picart, in 1670, and being re-examined by Caſſini in 1701. And this 
length was to be compared with the length of a degree meaſured at the 
polar circle and the equator. .- 5 IR; e 


118. The gentlemen appointed for the northern expedition were 
Meſſieurs Maupertuis, Clairaut, Camus, le Monnier, and Outhier of 
France; who were joined by M. Celſus, an eminent aſtronomer in Swe- 


den. The company proceeded to Swediſh Lapland, and began their 


operations in July 1736, which they finiſhed in the following May; and 
among many other curious and uſeful particulars they obtained the mea- 
ſute of a degree, the middle point of which was in the latitude of 66 207 


N., and found it to be 573079 toiles, when reduced to the level of the 
a 


ſea; and diſcovered that the Earth is flatted at the Poles, the proportion 


of the equatorial diameter to the polar diameter being as 1 to o, 9891. 


119. The other company of gentlemen, who were ordered to the 
ſouth, conſiſted of Meffieurs Godin, Bouguer, and la Condamine, of France 


to whom were joined Don Forge Fuan, and Don Antoine de,Ullaa, of - 
Spain. Theſe mathematicians departed from Europe about the middle 
of the year 1735, and began their operations, in the province of Quito in 


Peru, about October, 17 36, and finiſhed them in eight Years, after many 

interruptions. Among the valuable 7225 of knowledge reſulting from 
their obſervations, it appears that the Earth is flatted at the poles. 

120. The Spaniſh gentlemen, who publiſhed their account ſeparately, 

be the meaſure. of a degree of the meridian at the 

equator, and 266 to 265; or 1 to o, 99624 for the ratio of the equatorial 


to the polar diameters of the earth. 


oY * » q 


kat. ac ko Lied * f — B — n F 6 ” — 


 . ,* "A meaſure containing 6 French feet, or 6 feet 45 inches Engliſh, near- 


ly: the French foot being to the Engliſh foot as 1,068 1 1 


PREP” 
. ">. 
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M. Bouguer gives for the meaſured length of a degree of the meridian 
at the equator 56753 toiſes, when reduced to the level of the ſea, and 
- makes the diameter of the equator to that at the poles, as 179 to 178; or 
2s I to 0,99441. . 9 1 3 
M. de la Condamine gives for the meaſure of a degree under the equa- 
7 . Too Tore os hh 
M. De la Caille, being at the Cape of Good 7 in 1752, found 
© - the length of a degree of the meridian latitude 33” 187” S. to be 57037 


toiſes. | Xa | 
In 1755, Father Beſcotwich found the length of a degree in latitude 
Italy. In the year 1740, Meſſieurs Caſſini, the younger, and De la Caille 

again examined the former meaſures in France; and, after making all the 
neceſſary corrections, they found the meaſure of a degree, the middle of 


Which is in 49? 22“ N., to be 57074 toiſes ; and the length of a degree of 


the meridian in Jatitude 45 to be 57050 toiſes. 


121. M de Maupertuis has added to his narrative of the obſervations 
made by himſelf and his aflociates in the north, a method of computing 
the proportion between the polar and equatorial diameters, from the 


meaſurements taken in any two different latitudes; but he ſolves the pro- 


blem by an approximation only. Among the curious problems commu- 
nicated by Mr. Jones to Mr. Gardiner, and publiſhed by him in his quarto 


edition of logarithmic tables, there is the reſult of a true ſolution of this 


problem, but without either analyſis or demonſtration. While | was in- 


tent on an inveſtigation of the ſolution, Dr. Pemberton was pleaſed to put 


into my hands a very elegant one of it by his friend Dr. Letherland, with 
leave to communicate it to the public; and I ſhall accompany it with 


ſuch other problems, as are requiſite for applying this ſolution to the 
- purpoſes of navigation, the whole compoling the ſeries of problems fol- 


A 


* 


lowing. 
Eb PROBLEM I. 


Suppoſing the Earth to be a ſphervid, having its axis leſs than the equa» 5 


torial diameter, to find the proportion between the axis and that diameter fr 


* 


megſures of a degree of the meridian taken in two different latituden. 


Leet apap be an ellipſis repreſenting a ſection of the Earth through its 


axis pp; the equatorial diameter, or the greater axis of the ellipſis, be- 


ing aA; let E and F be two places, where the meaſure of a degree has 


been taken: theſe meaſures are proportional to the radii of curvature 
in the ellipſis at thoſe places; and if c, cR are conjugates to the dia- 
meters, the vertices of which are x and r, cq will be to CR in the 
ſubtriplicate ratio of the radius of curvature in & to the radius of curva- 
ture in F*, and therefore in a given ratio one to the other. Then qv 


3 


. # | 


8 — EPISS IFC 4 1 — —— 


— 1 8 
1 * 4 


* 


—_— te. a teas —— 1 * 8 


af 


„ 
1. 14 


wa 


- 


47 N. to be 56972 toiſes, as meaſured between Rome and Rimini in 
It 


5 ar 
—— — 


1 


ratio of c to ex being 
ſpecies: and the ratio of. 


given, which is the ratio 


of the angle Y ch, appertaining to the augmented co- ſine. 


. of Ys * 
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rallel to pp, and q Y.] ]]· 
parallel to aA at the an- 


titudes at x and r; ſo 
that theſe angles, and the 


given, the rectilinear 8 
ure CVQXRY is given in 


vca z N tE 
RZ — / (Rx N XS) is 


of Cai to ai. There- 
fore the ratio of CA to ce. | 
/) 
Hence, if the ſine and co-ſine of the greater latitude be each aug- 
mented in the ſubtriplicate ratio of the meaſure, of the degree in the 
greater latitude to that in the leſſer, then the difference of the ſquares of 
the augmented ſine, and the ſine of the leſſer latitude, will be to the 


difference of the ſquares of the co-ſine of the leſſer latitude and the aug- 


mented co- ſine, in the duplicate ratio of the equatorial to the polar dia- 


| meter, | 8 11 | IE 5 | 
For cg being taken in c equal to cr, and 11 drawn parallel to Qv ; 
1 


cv and vg, Cz and ZR will be the fines and co-fines of the reſpective la- 
titudes to the ſame radius; and cv, vg will be the augmentations of cv 


and g in the ratio named. 


„ Cox ol. AR * Reg 


If one of the degrees meaſured is at the equator, the co- ſine of the la- 
titude of the other being augmented in the ſubtriplicate ratio of the de- 


grees, the tangent of the latitude will be to the tangent anſwering to the 


augmented co: ſine in the ratio of the greater axis to the leſſer. 

or ſuppoſing the place out of the equator to be E; if the ſemicircle 
Im up be deſcribed, and le joined, and mo drawn parallel to ac; co is 
the co · ſine of the latitude to the radius ; and cy that co- ſine aug- 


mented in the ratio named; YQ being to v that is, ca to cn or CP, as 


the tangent of the angle ycqy the latitude of the point E, to the tangent 


* 
1 


124. eon If. 


In this caſe, half the latus rectum of the greater axis a A being the radius 
Fü . K the degtra meakend. hare ; 


* 
4 : 
: 


and thence the axes themſelves will be given in magnitude. 


Hence alſo the proportion of the axes being given from any two mea- 
ſurements, the /atus rectum of the greater axis, and the axes themſelves, 


will bo given in magnitude. For if an angle be taken, n 7 | 


— 


;% 


#4 
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which ſhall be to the tangent of either latitude, as the leſſer axis to 8 


greater, the meaſure of a degree in that latitude, will be to the meaſure of 


2 degree at the equator, in the triplicate ratio of the co-ſine of this angle 
ca the co- ſine of the latitude. mos. 128 


Thus k being one of the places meaſured, the tangent. of the angle 
reh will be to the tangent of vc the latitude of the point E, as / to 


. that is, as the leſſer axis to the greater; and c ci: : er: 


5, e: : cof. Icy ; of. QCY, Q* being to c (cpe) as the radius of curva- 


ture in E to the radius of curvature in A, that is, as the meaſure | „ 


* 


gree in E to the meaſure of a degree in A. 


And thus both the figure and magnitude of the Earth may be deduced 


from any two meaſurements given. 


PROBLEM: 


. The Barth being ſuppoſed a ſpheroid, to find the ſemi-diameter of a pa- 
rallel to the equator in any given latitude. 9 Ay 


Let PDA be one fourth part of 
an elliptical meridian, where ca, 
the greater ſemi-axis, is the ra- 
dius of the Earth's equator ; and 
let BR be drawn to touch the el- 
lipſis in b, and make with ca an 
angle CBD equal to the comple- 
ment of the latitude given; then 
is D the place on the Earth hav- 
ing the. given. latitude; and tee ð 
circular quadrant AF being de- . 1 : 
ſcribed with the radius Ca, let E be drawn parallel to the leſſer ſemi- 
axis CP of the ellipſis; then BH, ch being joined, BH touches the arch 
A in H, and is perpendicular to ch. r, UN N 
' Now as op: GH (that is, er: CA) : : tang, Z. GBD : tang. L oH 


:: co-t, latitude : cot. L .GCH, +» 


Hence the angle oc is given; and radius is to the co-ſine of the Z GCH, 


as CH to . Whence co is given, which is equal to the ſemidiameter 


of the circle paſſing through p, parallel to the equator. 


„ PROBLEM . 
| TONE Oe £9 


The Pherpidl fewre of the Earih being ſuppoſed to meaſure the elliptic 
bx 865 os "7 5 . 8 d 0 


aral correſponding to any given latitude, © 


* 


obliged me, when he was in London, in the year 1753, with the follow- 
in leries for meaſuring an elliptic arent 
If in the preceding figure ac be denoted by a, op by b, and aa— 


b cet hen, $-deagting an aten in 8 ivcls thectadius of which is 


C unity, 


f 
. ² . ²˙ ͤ1Yg — . Y 


| latitude, the earth being a ſpheroid. 


208 GLOBULAR: SAILING. | Book VIII. 


< unity, which will meaſure the angle 222 the latitude of the Joint D, 
< ap will be equal to” 


„ L Ze 45 bbs 3bbee | II 45175. 
— x8—Tr +a in. 2s 


* X fin. 4 8 &c. 


i 45 


gut 10 regard to the earth, all the powers of c above e cc + may | be bes. 
| _ lected, and the arch AD conſidered as equal f 


„ bbX4aa+3cc __ . Jbbcc 
dT” Se as” 

a By Or NL X 4aa ＋ 8 3 tabular Gne of twice the lat. 
. 4a 5: Ba! © | 25 " radius 


> 


x ſin. 28. 9 


* * 


bb re Acc 


43 , 


"Whence ifa cites * conſtituted, the radius of which is- 


then i in this circle, the arch which meaſures the latitude, will exceed An 


- b. . 
by 7755 BY. 75 of twice _ — „ that is, this exceſs will be to 2 — 
L radius. | "Be 


as ike fine of twice the latitude to radius. 


— 


CoROL L AR. 


' When ad 3 the elliptical quadrant Ar, the fine of twice 
the arch correſponding , to the angle Gp vaniſhing, Ar will be 
equal to the quadrantal arch of the ſaid N the Mn of which 3 is 


LEICA . ge 
Yo OY RR PROBLEM IV. 3 a 


To find . meridional parts in the chart of Mercator 's form for * 2 


— 


= n 418 
U : 2 4 


120 9 f 
The late Mr. Maclaurin, in his Treatiſe on F bases has given this 
rule for reducing the meridional parts of the ſphere to the ſpheroid; take 
an arch the ſine of which is to the ſine of the latitude, in the proportion 
of the diſtance of the foci in the generating ellipſis, to the greater axis; 
and diminiſh the meridional parts in the ſpbere by a number, which ſhall 
de to the ſpherical meridional parts rte to this arch in the ſame 
proportion. | 
But in the Earth this arch will be ſo ſmall, that | its fe” that arch itſelf, 
and the ſpherical meridional parts, will not differ ſenſibly from each other: 
whence the number to be deducted from the ſpherical meridional parts 
appertaining to the latitude ſhall be to the number of minutes contained 
in the ſine of the latitude in the duplicate ratio of the diſtance of the foci 
to the greater axis. Therefore in the preceding propoſft tlon 4 being 
half Ne diſtance between the foci, — red uction of the metidionl parts 


| in the ſphere to the Nee 1058 be 122 fin. lar. 


radius 6 > 
0 % 82 128 LAS x S pq WS ES, 7 
ee — | 0.97 : 3 —— 9 Rs 2 
2 5365! J. 1 84 EY 
FA 
2: 18 dee Shs als Phil, Tra Vol a res- vii 0 
. 5 l * 
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2 ſin. lat. 
Or in the figure to Propoſition II, — ee a 


App karten of theſe FOTO to the ſeveral meaſurements above-mentioned. 
127. For finding the ratio between the two axes of the Earth by Prob. I. 
Let E denote the greater, and F the leſſer of the two 5 Uh M and N. 


5 the reſpective meaſures taken in each: and let o denote Wes yu 


Fo X55. E. leſſer axis. 
Then Wh, . ist 
| ©O* X 55, E—ss, F "greater Axis 


Alſo if m repreſent the meaſure in a latitude denoted by b, and W 
che meaſure at che ters let A denote an a angles the meaſure of WED 


3 M., ö 
; 4 8 N 
mee beer axi 
E greater axis 


* 


129. Th kngths of a degtee of a meridian, obtained by actual men- 
ſuration i in different latitades, are the following. 


| Maupertuis and affociates in lat. 66° 20" found M=57438 toiſes, 


| e 1 5% 
Caſſini and De la Caille 4 43 257056 
Boſcowich | 1 I =o M= 56972 
De la Ceille BP * . 

Juan and Ulloa 1 „„ 1 x 
Bouguer | * the equator Ju 56753 

De la Condamine 8 56749 


Now by comparing the 1ſt with each of the following ; the 2d with 
; ach of the following; and in like manner the 3d, 4th, and 5th, with each 
of the following, there will ariſe. 25 reſults, each ſhewing the rela- 
tion of thoſe axes or ane which reſults are ors ee to fog ” 
> Compared; | 


1. Compating the 1ſt with each of the following. ' 

Putting E for 66® 20', and t for each of the following. Then 
log. of © will be=0,0009203 ; or o, 009812; or 0,0011793z or 
0,00 10142; or o, 016986; or o, oo 17 368; or 9,0017470. Alſo 

1E X © er =0,2665109; or 0,3426650; or 0,3783127 or 0, 5413570. 
e x0*=0,2622636; or &, 33813623 or o, 37286 7; or O, 53688 55. 
Alſo, at the equator, log. . 1% 356 51 or 1,3561943 or 
10, 3501372. 

And the ratio of 'the greater axis to the leſſer. will be found to be as 
1 t 0, 9979994 or to 0,99337 3 or to 9,9927763z, or to 0, 9945213; 
A pe e * 0 . z Or * 88 , ; 


ThE 


9 


7 


ven. n 6 1. Putting 


» * - * n _— 
: A 1 . 0 
7 
> han.) 
4 > , 
% 2 F = C2. 
: . a 
, 1 * . 


— 


* 
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II. Putting E for 49% 22/, and- for each of the following. Then log. 
3 7 © will be=0,000060g.;. or 0, 002589; or o, oooog 39; or o, 007782; 
or 0008 165; or 0,0008267. W V 
5 7 Avg the ratio of the greater axis to the leſſer will be found to 4 as 
5 1 to 0,9981542; or to o, 9946330; or to o, 9992120; or to o, 9968662; 
. or to o, 9967689; oi to 86770 | Wo x v4 9 
| utting E for 45%, and F for each of the following. Then 
log. of o will be=0,0001980; or 0,0000330 z- or 0,9007173; or 
| ©,0007556 ; or 0,0007658, 85 VVV 
| And the ratio of the greater axis to the leſſer will be found to be as 1 
to 098700303 or to 0,9996764; or to o, 9967087; or to 0,9965152 ; 
, eee ee 
IV. Putting x for 43, and comparing it with the equatorial mea- 
ſures (for I do not compare it with that of 33» 18“, becauſe this com- 
pariſon would require the Earth to be oblong, contrary to the tenor 
of the other obſervations,) and it will be found, that the ratio of the 
greater axis to the leſſer is as 1 to 0, 9974272; or 1 to o, 99723343 or 
| x to 0,9971849. in e e EE 
k V. Putting E for 33* 18/, and comparing it with the equatorial mea- 
ſiures, it will 5 found, that the ratio of the greater 2 to the leſſer is as 
1 to 0, 9949364; or 1 to o, 205 ; or 1 to o, 994507ęꝶ 7. 
1 The arithmetical means 9985 the e . 9940688; 
5,9946736; , 9952621 ; 0,97% 818; 0,9947082 (| 
5 And the mean of all of them is o, 9931989. 


The latitudes of 40 22/7 and of 45“ fall within the meridian line drawa 
through France, the meaſures of which formerly taken have been re- 
examined, and corrected, ſince the northern and ſouthern expeditions. 
If we compare theſe only with thoſe two different meaſurements, that by 
Mr. Maupertuis and his affociates.in. the north, and that by Bouguer at 
the equator, the ratio of the greater axis to the leſſer will be reduced to 
theſe ſix, viz. as 1 to o, 9919994; or I to o, 99337; or 1 to , 9952717; 


or 1 to 0,9981542; or I to o, 9967698; or 1 to 0,9965 1522. 
Ihe arithmetical mean of theſe ratios, viz. of 1 to o, 9953467, may be 
taken for the ratio of the greater axis to the leſſer; which is as 230 te 
2238, 92974, or very near the ratio affigned by Newton. Wn 


131. The proportion F the axes being given, to find their magnitude from 
& meaſurement at the equator. ' ' + oo BAI 

Ig : The circular arch, equal to the radius is 57, 29578 degrees; therefore 

mtzmhis number multiplying the meaſure at the equator, gives. the radius 

of curvature there; which is half the /atus rectum appertaining to the 

greater axis z-and this is to half the leſſer axis in the ratio of the leſſer axis 

to the greater: hence firſt the leſſer axis, and then the greater will be 
made known. : £60 DEW a 4927 2 

Thus, if the greater axis is to the leſſer as 1 to o, 9933457, and the 

meaſure at the equator 56753 toiſes, as Beuguer has ſtated it, then the 

deſſer ſemi- axis will be 3260910 toiſes, and the greater — 4A 


- 


FER 
=” 
” 


which is- 


„ N 
bez M x cube. 


bd | 


Bock VII. GLOBULAR SAILING, 217 


12 132. To find the ſame from a meaſurement taken in any latitude. 


II m repreſents the meaſure in a latitude denoted by E, and N the 


meaſure at the equator, N may be found as follows. 
By Corollary TH. Problem I. If an angle A be found, ſuch that its 


leſſer axis 


| tangent may be = N E; N, the meaſure at the equator will 


greater axis 


A 


And hence the axes may be known as above. 
From the meaſures in the latitudes 66® 20/3 49* 22“; 452; and at the 


equator, ſix ratios between the axes were found (130); now each ratio 
being compared with both of its reſpective latitudes and meaſures, will 
ive nine values of the axes. Thus | 


The greater ſemi- axis g 3277 500, or 3277484, or 3279655, or 3279702, 


or 3271718, or 3271779, or 3282937, or 3273007, or 327447 


The leſſer ſemi-axis =3251278, or 3251263, or 3257911, or 3257958, 


or 3265678, or 3265704, or 3267414, or 3262430, or 3263053: 
1 * the greater ſemi- axis 3276473. 
bo reſpective N e be | the leſſer ſemi- axis 3260299. 
And between theſe and thoſe found at article 130, the means will be fot 
the greater ſemi- axis, 3279328, and for the leſſer 3263604. 


And theſe proportioned by the mean ratio of the axis, found art. 1 30, 


1 the greater ſemi- axis 3279328 8 
will give finally, for ho 8 fler ſemi-axis 3264068 : French toiſes. 


133. Hence the Engliſh foot being to the French, as 107 to 1143 
the greater ſemi-axis will be 3493863 Engliſh fathoms, and the leſſer 
3477606 Engliſh fathoms. - . e | 
And an Engliſh mile conſiſting of 880 fathoms; the greater ſemi-axis 


will be 3970,298 miles, and the leſſer 3951, 824 miles. 


134. Since in problem III. the exceſs of the arch of latitude, to ths 


radius 292X493 above the correſponding elliptic arch, is to 22 


4a Ba? 


as the fine of twice the Jatitude to radius; and the number of minutes 
in any arch is equal to the length of that arch multiplied by 3437+ (the 

number of minutes in an arch equal to the radius) and divided by the 

radius of that arch, the number of minutes of the circle, the radius of 


— Ea, contained in this exceſs, will be 5-5 34374 


divided by this radius, that is, to 34373, as the ſine of twice 


* 8 f -.4aa+JZCC 
the latitude to radius. But @ being equal to 230, and 52228, 92974, 
ee ö | 3 | 


| TITS 1755 34374 will be equal to 11,887 (newly 12.) 


Therefore the exceſs of the minutes of lititude above. the minutes 
contained in the arch equal to Ap of the circle, the ſemi-diameter of 
222444 Zee 


Wjich is r will be to 11,887, as the fine of twice the lati- 
"tude to radius. „ | 
e: \ 8 e eden ee. 8 A. | 3 And 


7 
- — 
OY 1 
8 
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And an wi the arch AD be aſſigned, as meaſured by a log-line ad- 
juſled to the diviſions of the elliptical quadrant into 60 times go parts 


According to the length aſſigned to this quadrant i in the corollary annexed 


to Problem III. 
138. This number to be deducted may alſo be found nearly enough 
by the traverſe tables, thus 85 (VII. 66, 67.) 


Among the courſes ſeek the double of the given latitude, when under 
45˙ù or the double of the complement of the latitude, when above 45*, 
and againſt 12 in the column of diſtances take the correſponding depar- 
ture for the number to be deducted. 

In an oblique courſe, the diſtance run between any two Jatitudes will 
| be to the arch of the meridian contained within thofe re as radius 
to the co-ſine of the courſe. = 
136. In the next place, in regard to the ſhip's change i in "Ws 25 Wl 

3 an oblique courſe, the difference between the meridional parts for the 


ſphere. and. ſpheroid (by Problem tv. ) is — * 34374, as the ſine 


of the latitude the ſhip arrives at from the a to radius. 

Therefore, when the equatorial diameter of the earth is to the polar 
diameter, as 230 to 228, 92974, the difference of the ſpheroidal meri- 
dional parts from thoſe of the ſphere will be to 31,919, as the ſine of 
the latitude to radius. But by the conſtitution of the meridian line, the 
meridional parts exprefs the change of longitude made by a ſhip, whether 
on the ſphere or ſpheroid, on the rhumb of 45. 

And the change of longitude on this rhumb is to the change of longi- 
tude on any other rhumb, as the tangent of 45" that i hy, the radius, to 
the ane of that other rhumb. 

Moreover, this reduction of the meridionsl parts from the ſphere 
to 2 ſpheroid may be taken nearly from the traverſe tables, thus: 
Wich the given latitude among the courſes, and againſt 32 in the co- 
lumn of diſtances, take the correſponding departure for the reduction. 

138. In a courſe due eaſt or weſt at any latitude, the ratio of the ra- 

- dius of that parallel run upon in the ſpheroid, to the ſemi-diameter of the 

- Earth's equator, is found by Problem II. And any diftance run upon that 
parallel, meaſured by the log, being reduced to minutes of the cory 

' equator ; thoſe minutes will be to the change of longitude in minutes, as 

the radius of that parallel to the ſemi-diameter of the equator. 


The Fee precepts w: AM be ee n * the following 
Examples BE | 


* 


o ExAK LE 45 it be e 70 find the. dilance a 815 hall run 


17 55. ſuppoſed eviptical airing, i in , yr lige, fp we to 68 
Rn ln 5 | 
16645 T4; 


| According to article I 34, the the Jae-dine bing 3 o Aa 3 the 
b L * 4 4 of 2 cc” 
* feini-diamore of which is is— dhe reduction from this ſphere 


a 
to the ſpheroidal earth will be 01 1.887; as the ſine of twice the latitude 
0 radius, and the calculation Will proceed thus: ; 15 
| Har 
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e the lat. ” © if OREN | For the lat, 689. | 
5 As rad. 18 4p 10, o | As rad. 10, oo 
. To an (2 N15 9.99761 To 5, "we (2 des) | 9.84177 
80 „ 1,897 1,07507 | $0 11 887 1,0% 50% 


— 


a To the redudtion 11,822 1.07268 To the Santos: 8.257 391684 


Mioutes in 42* = 2520,000| Minutes in 689 _ = 4080,000 
i reduction ide reduction =. 9257 


| The elliptic arc for 426 = 2508,178 | The elliptic arc for 680 = WIG 
The leſſer number deducted from the greater gives 1 563,564 for the 
diviſions of the log-line adjuſted to the meaſurement of the elliptic me- 
ridian, which are contained between the late of 42 and 685 on the 
ſame ſide of the equator. | 
Moreover, in the traverſe table, under twice 42®, over- againſt the 
number 12 in the column of diſtance, ſtands in the column of departure, 


the number 12 for the firſt correction; and under twice 99 '—68*, 
that! is, 445 ſtands che number 8 for the ſecond. 


I . Exam. II. Let it be propoſed to find the 1 and diſtance from 
tbe eh: in the latitude of 49. 5% N. to Barbadoes, in the latitude of 
1 135 M. the difference of longitude being 54 36'=3270'. 


For the arch of the meridian, the reduction for the greater 1 latitude is 


E 11,71, and for the leſſer 5, 22. Therefore the latitudes reduced are 
2985,29, and 774,78, the difference is 2210, 51, which is the meaſure 
of the elliptic arch between the two latitudes f in the meaſures of the log» 
line, adjuſted as above. 

In the next place the meridional parts are-thus S 


„ the latitude 49 57. For the ner 130 0. 
As rad. LN 10,cq000| As rad, | 10, ooo 
1. „ lat. e 17 9.88393 To 7, lat. | ? 130 o 93520 
80 pd : 31,919 | 5 . 31,919 1,0405 
To the reduRtion. 244 | 138798 To che reduction 78 5.85614 
x Fer the latitade „ For the latitude of 13 en 
The ſpheric!. mer, parts = 3469,80 The ſpheric!, mer. parts == 786,80 
"> =; | reduQion . . = 1443 . reduction =" 7,18 
50 ' The ſpherojdt, mer. parts = 3445737 The ſpheroid!, mer, parts. 2 779.62 


Alſo under each of the latitudes, in the traverſe table the ſame reduca 
tions will be ſound nearly in the columns of departure over-againſt the 
number 32 in the column of diſtance, 

Phe difference of the numbers 3445,37 and 79,62, being 2665,75, 
is the meridional parts in the ſpheroid- for- the difference of the latitudes. 


i "Aud the 2 diff. Jake in the 80 is e 
83 | Hence 
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| Diſtance in the mea- 


Co- t. a, 10, 12492 | 25644 3.40917 25614 3.40845 


ke 
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| Hence far the courſe and diſtance. 5 

x In the ſpheroid.,, oy But in the ſphere 

Diff. long. = e. 3.51534 Diff. long. = 32760 351534 

Mer. parts = 2665,75 3.42582 Mer. diff. lat. = 2682, o 3.42862 
Tan. courſe 50. 51 50” 1008952 Tang. courſe = 50 41' o” 10,86 

| | NE For the diſtance. 5 Ed, 

4 In the ſpberoid. In the ſphere. Lo 

Arch of the mer. | ee „ „ 

in min. or miles > 2210, 51 3.34449 49* 57—13® o' 36 57 2217 min. 

of the log. line. EY | Proper diff, lat. == 2217 3.34577 

Co- ſ. of the courſe 500 51 50” 980014 Co- . of the courſe 50.41, 9, 80182 


—kĩñ —xꝛ2ͤ —ę. 


Diſt. in min. of | 


| {ures of the log. | 3502 ates the ſphere = 3499 3254395 


141 Exam. III. To find the diftance of Cape Henry in lat. 37 N. and 


bong. 7623 W. from St. Mary's, nearly in the ſame latitude, with longi- 


tude 22 56 WW, | 
Ide difference of longitude 53˙ 27/20 m. 
In the ſpheroid. | 8 | In the ſphere. 
CA . . 
Ip (fig. Prob. II.) 0,00203 Co-ſ. 9, 90307 Co. ſ. 37⁰ 9, 902 3 5 


Co- t. latitude 10, 12289 Diff. long. 3,506 10 Diff. long. 3.50610 


— ſ— — —¼ — — 


——„—— — —— 


Thus in the ſpheroid the parallel in the latitude of 37 contains for 
3207 minutes of longitude 25642 minutes of the equator; and if the lo- 


garithm of Ib in the figure of Prob. II. (So, oo 101) had been farther 


added to the logarithm of 2 56472, the ſum of theſe logarithms would have 


been 341018, and the arch of the parallel would be found to contain 
25714 minutes, as meaſured by the log-line; whereas, in the ſphere, 


this portion of the parallel contains 25614 minutes of the equator, 
© | | 


* REMARK, n 
It appears from the preceding reductions, that the courſe of a ſhip on 
the earth, conſidered as a ſpheroid, is fo near to what it would be on a 
ſphere, the circumference of which is equal to that of one of the ellip- 
tical meridians, that with a leg-line adjuſted to ſuch a ſphere, an artiſt 


- 


may ſafely truſt to the ſingle rules of globular failing in his days works, 
even though his account of courſe and diſtance were much more certain 


than it is poſſible for them to be. It is therefore unneceſſary: here to 
enter into the queſtion, whether the figure of the earth is a genuine ſphe- 
roid, formed by the revolution of a real ellipſis about its axis, or of ſome 
more compounded figure, as Mr. Bouguer, who has diſcuſſed this point 
at large, contends, preſuming on the preciſe accuracy of the ſeveral 
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QUADRANT, 
Calculated on a Suppoſition that the EARTH is a 
VVV „ 
Where D. 1. ſtands for degree of lat. and M. P. for meridional parts, 
ſeek the degrees of latitude at the top or bottom, and the minutes in the 


right or left hand columns; and the correſponding meridional parts 
will ſtand right againſt the minutes, and in the column ſigned with 


the degree propoſed, | 725 
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 T4ÞPwWweyrr ja 34} $4.6 | 7 [8+ 9 DM 
min. M. P. M. PM. pP. M. P. M P. M. P. NI. P. M. P. M P. M. P. mis. 
x | | o, 60, 120, o [180,1 240, 2 300,4 380,7 421,1 481,6 [542,2 ? 
* | 2 | 2,04 610 121,0 81, 241, 301, 4 [361,7 22, 1 482, 6 1543,3 | 
5 2. 2,0 62, 0 122,0 182, 1 242, 2 302, 4 362, 7 42351 483,6 544,3 
; Is 3 | 63z0 [123,0 [183,1 243, 303,4 [363,7 [424-1 484,6 [5453 
Ie 4,0 124,0 [184,1 244, 2 304, 4364, [4251 |485,6 546,3 
„30% 65,0 5, 185, 245, 305, 365,7 426,1 486, 542,3 
5 66,0 66,0 126, 0 186, 1 246,2 305, 4366, 42% 487, 6 548, 3 
2 200 67,0 flag, o 187, 1 [247,2 307,4 367,7 428, 1 488,6 549,3 
+ $4 8 8,0 68, 0 [128,0 188, 248,2 308,4 368,7 429, 1 489, 6550, 3 
; 9 919: | 6950 [129,0 189,1 1249, 309,4 [369,7 430,149, [5514 
f 11, J 70,0 130% 190,1 5, 1,4 32,7 43, 421, 88274 
; 11 11,0 71,0 918 191,1 [251,2 {311,4 1371,7 [43231 492, 7 53,4 1 
| | 12 12,0 | 72,0 132,0 192,1 1252,2 312, 4 [372,7 433,1 [49357 [554-4 |? 
In 13,0% 73,0 133,0 193,1 [253,2:[313;4 [373,7 434, [49457 [55514 | 1 
* || 24 | 1440: | 74,0 [13450 194,1 [254,2 [3144 374,7 [43552 [4957 [55014 
* I}. 25 5, 75,0 [13590 195, [255,2 315,475, [436,2 [496,7 [5574 
' 15 26,0: | 76,0 136,0 196,1 256, [316,4 [376,8 143752 14977 15534 
: *Þ 27+] 17,0-| 7730 [1370 [19741 [257,2 [31755 372,8 438, 2 498, [5594 
: 1818,78, 0 138, o 19871 258,2 318,5 378,8 439,2 499,8 560, 5 
J 9 19,0 279,0 139,0 199,1 259, 319,5 [379.8 44, [500,8 [561,5 
: Þ 20 | 20,0 80, 140, J200,1 260, 2 [320,5 380,8 [441,2-|501,8 |562,5 
8 21 21,0 81,0 141,0 201, 251,3 321,5 81,8 442,2 50a, 8 563, 5 
Þ 22 22,0 82,0 1142,0 202, 1 [262,3 322, 5 382,8 [443,2 |503,8 564, 5 
i 23 23, 83,0 43,0 203, [263,3 323,5 383,8 [4442 [504,8 56 5, 
2424, | 3440 144, 204, 1 264,3 324,5 384,8 445, [505,8 566, 
I | 25,0 | 85,0 14% 0% 265,3 25,5 385,8 14463 506,8 567,6 
2526, 86,0 146,0 206,1 266,3 326, 5 386,8 447,3 50%, 8 568, 6 
p 27 | 27,0 | 87,0 147,0 j207,1 [267,3 327,5 387,8 448, 3 508,9 569, 6 
7 23 | 28,0 | 88,0 148,0 208,1 268,3 328,5 388,8 449,3 509,9 570, 6 
8 29 29, | 89,0 149, 09,1 269,3 329,5 389,8 450,3 510,9 571,6 
4 30 | 30,0 | 90,0 150, 0 2 10, 1 70, 3 330, 5 390,8 451, 3 611,9 57276 
; 31 |" 31,0 | 91,0 151,01, |271,3 331,5 391,8 [45243 [5$12,9 [5737 
i 32 32,0 92,0 152,0 12,1 [272,3 332,5 392,9 453,3 [51359 [57457 
- {© 334 33.0 93, 153,1 213, [27323 333,5 393,9 454,3 14.9 575˙7 
? 34 34, | 9440 [154,1 14, 274,3 334.5 [394-9 455,3 [51 539 [57057 
I 35 | 35-0'| 950 55,1 21, 275,3 335,5 [39529 [450,3-[516,9 [57757 
I 36 | 36,0 26,0 [156,x 216,1 276, 3 336,5 396,9 457,3 [518,0 [5787 
I 37 [370 37 157, % 272,3 [33755 13979 58,4 519,0 [579-7 
I 38 38,0 98,0 158,1 218, 278,3 338,5 398,9 459,4 520, 0 580, 8 
g 8: E 39,0 99,0 159,1 219,1 27953 339,6 399,9 460,4 [521,0 [581,8 
; I % | 40,0-4700,0 160, 1 20, 2 280,3 [340,b 400, 9 61,4 522, 582,8 
Ia | 41,0: 10,0 61,1 221, 281,3 347,6 40,9 462,4 523, 0 583, 8 
| 4 4242, 102, 0 162, 1 [222,2 282, 3 342,6 402, 9 463, 4524, 0 584,8 
E "| 43 43,0 103, 0 163, 1 [223,2 [283,3 343,6 [403,9 146434 [525,0 58 5,8 
F ' +4] 44 | 440 [10440 64, 1 224, 284,3 344,6 1404,9 465,4 [526,0 586,8 
I 45 | 450 05, 165,1 [225,2 |285,3 345,6 405,9 466,4 527,1 [5379 
46 46, 106, 0 166, 1 226, 2 286, 3 346, 6 407, o 4674 528, 1 588,9 
* 47 47.0 7 167,1 227, [287,3 347,6 408,0 68,4529, 15899 
| I 48 48,0 108, 0 168,1 228, 288,3 348,6 [409,0 469, 5 [53051 590, 9 
| : " I} 49 | 49,0: |109,0 169, 1 229, 289,3 349,6 [410,0 [470,5 531,1 [5919 
| I 50 | 50,0-[110,0 120% [230,2:1299,3'1350,0 411,0 471,5 [5321 $9249 |. 
3 "Þ 51 f 51,0 [riize 41711: 23% 29153 357, 412,0 [47235 53 593,9 
| I 552, j112,0 [172,1 [23242 292,4 352,6 1413,0 473,5 [53451-15950 
Is; 50 113,0 [173,1 233, 293,4 353,6 [41450 474,5 [5351 [596,0 
I | 5430 %% 2% [23432 12944 5 415,0 147515 [53692 15970 
4 © 0 55 | 5550 [11550117591 $2352. [29554 [35510 1416.0 476,5 527 98,0 
Ie 56,0 16,0 76,1 [236,2 296,4 [356,6-1417,0 47,5 [538,2 [5990 
* : V5: + 57,6 1% 7% 3% [297.4 [35756 418, 478,5 [53952 [600,0 
| A 58 58,0 18,0 78, 4238,2 298,4 358,6 [419,0 479,5 540% 601, o 
I.. J 590 19 2 12392 22942. 1420,0 {480,5 60241 
1 — — — | 
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ö 1 225,1 
12262 
122773 


1228, 3 


1229,4 
1230,4 


123155 
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123 


1235, 
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12903 
1201,3 
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a ſhip's place every day at noon, and ſettling the courſe and diſ- 
EE Le Los 
The navigator requires for this purpoſe the following elements, or ne- 
eeſfary things, to be known: | „ ö 


The means of meaſuring and correcting the run of the ſhip. 
The nature and uſe of the ſea and azimuth compaſſes. 
How to find the Sun's amplitude and azimu tn. 7 
How to find the variation of the compaſs, and to correct the 
courſes the ſhip has ſailgd on that account. | rh. 
How to find the ſhip's lee-way, and thence to correct the courſes. 
The nature and uſe of inftruments proper for obſerving the alti- 


* + tudes and diſtances of celeſtial objects, OE 
VII. How to find the latitude and longitude by celeſtial obſervations. 
How to correct the daily account of latitude and longitude. 
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2 of the meaſuring a Ship's 5 run. „ 


A great variety of methods has been propoſed to meaſure the rate at 


which a ſhip ſails, but that moſtly in uſe at this timer eſpecially among 
| the Engliſh, is by the Tog and haf minute glaſs, 


The Loc is a piece of thin board, of a ſectoral or quadrantal form, 
loaded in the circular ſide with lead ſuficienit to make it ſwim upright in 
the water: to this is faſtened a line about 1 50 fathoms long, called the 
Loc-Liuz, which is divided into certain ſpaces, called knots z and the 


log-line | is wound on a reel, which turns very eaſily. 


"The HALT MinuTE GLass is of the form of an hour-glaſs, and con- 


tains ſuch a quantity of fine fand, as will run through the hole in its 


neck in half a minute of time. 
The making of the experiment to find the velocity of the ſhip i is called . 


HEAVINxG THE Los, which is thus performed: 


One man holds the reel, and another the half minute EY 3 an officer 


of the watch throws the log. over the ſhip's ſtern, on the lee ſide, and 
I 


when he obſerves the ſtray line is run off the reel (which is about 10 fa- 
thoms, this diſtance being uſually allowed to carry the log out of the eddy 


of the ſhip's wake) and the firſt mark is going off, he cries turn! the 


glaſs-holder anſwers done / who watching the glaſs, the moment it is run 


out ſays flop / the reel being immediately ſtopt, the laſt mark run off 
 ſhews the number of knots, and the diſtance of that mark from the reel 


is eftimated in fathoms. Then the knots and fathoms, together, ſhew 


the diſtance the ſhip has run the preceding hour, if the wind has been 
_- conſtant, 


In the King's ſhips, India * and ſome others, it is uſual to heave 


the log every hour : but coaſters, and thoſe which make ſhort voyages, 
heave the log once in two hours only; 1 FREY 


'S This practice of meaſuring a ſhip' s rate of falling i is ; founded upon 


| the following principle. 


That the length of each knot ought to be the ſame part f a fr mile; 3 45 


4 a minute is of an hour. 


Therefore the length of each knot would de either 
„„ „ 14 of a nautical mile. HER) 
Or GN * So). \ 7508 of a degree. . 128 
Or (2 * * * 1s =). zee of a great circle. 5 


© . 


By Mr. Richard Norwood's experiment (ke. V.7 mY it appears, that a 


5 degree of a great circle on the Earth contains 367 200 Engliſh feet, and 
25 thereof, or 6120 feet, is the length; of one nautical mile. 


Hence eth of 6120, or 51 feet, ſhould be the length of e knot. 
But becauſe it is fafer to have the reckoning 8 54 before the ſhip 


than after it, therefore 50 feet may be taken as the proper length of each 
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knot; and each knot i is now wen Wien into , fathoms, 


Bock IX. DAYS WORKS. * only 


The length of the knots in the log-line, uſed formerly, was only 42 
feet; and it is much to be wiſhed, that no line fo divided was now in 


uſe, but cuſtom in many things prevails over reaſon. This way of divid- 


ing the log-line was founded on the ſuppoſition. that 60 miles, each of 
5000 Engliſh feet, made a degree; for 55 of 5000 is 413, or in round 
numbers 42 feet. And although many mariners find by experience that 


this length of the knot is too ſhort, yet rather than quit the cu, iανν, they 
_ uſe glaſſes for half minute ones that run but 24 or 25 ſeconds, _ | 


he method uſually recommended to try if the glaſſes are accurate, is 


_ "this: On a round nail or peg hang a ſmall thread that has a muſket-ball 


| 39+ inches. 
Ihe diſtance gi 
I, by an error either in the gla 


fixed to one end, 394 inches being carefully meaſured from the center of 


the ball to the loop which goes over the peg. Then make it ſwing, and 


count one for every time it paſſes under the peg, beginning at the tecond 

time it paſſes, and the number of ſwings which it makes during the time 

the glaſs is running out, ſhews the ſeconds which that glaſs runs. "3 
For experience ſhews, that the length of a ſecond pendulum 1s about 


iven by the log 


may be wrong on three accounts; name- 
5, or the log- line, or in both. | 


* 


5". 4 @ 45 J. e the lag-line is truly divided, and the glaſs is faulty. 


- RurE. As the ſeconds run by the glaſs, are to 3o ſeconds ; - 
9 8 So is the diſtance run by the log, to the true diſtance. 


Exam. Suppoſe a hip fails at the rate of 6% Fnats while a glaſs runs out, 


. which runs only 25 ſeconds : What is the true rate of ſailing ? 


As 25: 30 : 6,5: 7,8 miles; the true diſtance ſailed in an hour. 


en a Cassz II. When the glaſs is true, and the log line is faulty. 
RULE. As 50 feet, is to the diſtance meaſured between knot and knot ; 


So is the diſtance run by the log, to the true diſtance. 


®EXAM. Suppoſe a ſhip ſails at ths rate of 62 knots an hour, by a l- 


. CAsk. III. hen both log-line and glaſs are faulty, peck 


— 


% . 


- a 
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_ RuLe. Multiply thrice the meaſured length of a knot by the diſtance 


line which has only 44 feet to a knot : What is the true rate of ſailing ? | 
As 50: 44: : 6,5 : 5,72 miles, the true diſtance ſailed in an hour. 


* 


run per log; the product, divided by five times the meaſured 
time of the glaſs, will give the true diſtance tun. 8 


© Exam. Suppoſe a ſhip runs 5 knots an hour, by 4 log-line of 45 feet to 


Fnot, and a glaſs of 25 ſeconds : What is the true rate of ſailing ? 


Then 3 45 & 5, and divided by, 5 * 25, gives 5,4 miles true diſt. _ 


” 
* 
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WF Suppoſe K mea. length of a knot; 6 =ſeconds per glaſs ; pr run 
pr „ 5 TRE 

Then : 30: : 0: 30x p=*c=dift. run by a correct glaſs. (4) 
And $590: K:: ZOXD=G: ZOXDXKSGXSODZZADXKS+5XO. 
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Tue log is ſubject to drive with the motion which the water may have 


at its ſurface, and thereby give an erroneous rate of failing (for the expe- 


riment ſuppoſes the /og fixed in the place where it is, when the firſt 
. knot goes off the reel); therefore many methods have been propoſed to 


remove, or at leaſt to leſſen this error; and among them, that ſeems 
moſt worthy of notice, which was propoſed by the late M. Bouguer &, 
in his Treatiſe on Navigation, publiſhed at Paris in the year 1753, and 


I | which Was. compoſed by the order of the Miniſter of State 3 and again 


reprinted there in the year 1760, with ſome alterations, by the late Abbe 
de la Caille ; both thoſe gentlemen had been ſeparately engaged in very 
long voyages, and conſequently had much marine experience: the ſub- 
ſtance of this method will be here given, though ſomewhat differently 


drawn up. _ 


7. Take for the Loo a conical piece of wood, through, or.along the 


axis of which the log-line muſt be paſſed, and made faſt to it, about 40, 


50, 60, or more feet from one end; and to this end fix the Dives, 


which is a body formed of two equal ſquare pieces of tin, or of thin iron 
plate, fixed at right angles to one another along their diagonals. The ſize 


of \this diver muſt be ſo fitted to that of the cone, that the cone may juſt 


float. By 


A cone of three inches Winter in the baſe, ns of fix inches in the 


\ Nant height, is propoſed by M. Bouguer, to fuit a diver made of plates 
about 94 inches ſquare. The float is fixed to the log-line at the in- 
1 of the diagonals; and the loop and peg uſed as in the common 

log 315 | 5 . 1 


hen this compound log is hove oveibonrd; the diver will fink wo 


deep to be much affected by the current, or motion of the water at the 
_ ſurface; and the log will keep more ſteadily in the place where it firſt 
fell; and conſequently, the knots run off the reel will ſhew more accu- 


rately the ſhip's rate of failing. - „5 8 85 
As the common log is affected by the whole motion of the current, ſo 


this compound log will feel only a part of it; viz. ſuch a part nearly, 


as the reſiſtance of the cone is of the reſiſtance of the diver : thus the re- 
ſiſtances of the above cone and diver are about as I to 5; and conſequent- 


Iy this log will drive but 4 part of what the common log would; and fo 


the ſhip's true run will be affected by + part only of the motion of the 


8. To obtain the true rate of failing, it will be proper to heave alternate- 


ty, hour and hour, the common log and this compound log. Then the 


difference of their knots run off, augmented by its Zth'part, is the cor- 


rection; which applied to the knots of the common log will give the ſhip's 
true rate of ſailing, at the middle time between the hours when thoſe logs 
were hove. The correction is added when the run by the compound log 


is greateſt ; otherwiſe it is ſubtracted. 


9. To find the courſe made good. II ncreaſe the obſerved angle between 
the log-lines by one fourth part; and this gives the correction to be ap- 


oy plied to the apparent courſe, or the oppoſite of that ſhewn by the com- 


mon log. | | | 
* The French Academician concerned in meaſuring a degree of a meridian 
| 6 ? — 


* 


; The correction is to be applied to the ; right } of the apparent courſe, 
A When the bearing of the common log is to the 00. 


10. Or thus: The length run off both logs, together with their 
bearings, being known, on a card or compaſs apply the knots run off 


of the comp. log. 


- . (taken from a ſcale of equal parts) along their reſpective bearings, from 


the center; join the ends, and in this line produced, on the fide next the 
compound log's length, take 4 of the interval; then a line drawn from 

the end, thus produced, to the center of the card, will ſhew the true courſe 
and diſtance made good. . 1 N „ 


working in the two triangles formed by the above conſtruction. 
Ex. I. The common lag having run | Ex. II. At 5h. P. M. the com- 
6,7 note, bore N. 42 E. at 9 b. 5 mon log having run off 7, knots, it 
| AM. and at 11h. 3om. A. 1M. the bore S. 18* W.; and at 7h. P. M. 
compound log having run off” 8,3 knots, the compound log having run off 5,2 


Or, the true courſe and diſtance may be found by computation ; by 


it bore N. 37 E. Required the cor- knots, it Lore. F. 26* N.: Required 
ref courſe and rate of Nite ve 10 5. lobe true courſe and rate at 6h, 
85 Common. log. Run 6. 7k. bear. N. 42 E. Common. log. Run 7,6k. Bear.S.18%W, 
Comp. log. 8, 3k. N. 37 E. Comp. log. 52 8.26 W. 
717777 v IE Eo a. 4c. . 
FEE Bb A =» 
S CorreQion iP WE 61 | Correction e 3.0 10. 
True run | | 8,7Bear.S.352*W.! True run 4.6 Bear. N. 285 B. 


11. The following explanation of Ex. II. will ſhew the reaſon of theſe _ 


_ - "corre&tions. Suppoſe the line AB to repreſent the run and bearing of the 


tte common log, is the line Da, or its paral- 


; | while the log drives from D to c, which is 
only *th part of D; ſo the real run is pa. 


hip by the common log; and Ac the run and r 7 
bearing by the compound log; and let the ſixn : 
be ſuppoſed at D when the logs were hove. 

Then her apparent run by the wind, with 


lel Ba, while the log is driven by the eurrent - 
along the line DB ; ſo that the ſhip's real run 
is along the line DA (VII. 48). Alſo, by the 
compound log, the ſhip's apparent run by 
the wind is the line Do, or its parallel ca; 


Take EB = AR AC; draw CE and its pa- 
rallel DF ; then is EFT AER (II. 165), AF is 
nearly equal to An, and L. DAc is very nearly 


Equal to I A BAc. | >. | 1 55 
A . „ 


cp (=4Bc), and L Acp; find C cAD and Ap. 


% r d nn r. 
For An Ar (II. 165) : and An in the time of making the experiment 
cannot differ much from Ap; neither can pn differ much from 4 of Vn; 
conſequently the C DA is very nearly equal to  / Fan. * 
Therefore AF being known gives the run Da. Alſo the bearing AB 
being known by obſervation, or its oppoſite ab; and the Z aBp found 
by correction, the bearing DA, or the real courſe, becomes known. 
Or: Computing in the triangle Bac, with the two ſides, and the in- 
cluded angle, find £ BCA and Bc: then in the triangle ac, knowing ac, 


CE REMARK, 


I. There ſeems. to be a miſtake in the dimenſions of the cone, and 


1 diver, propoſed by M. Bouguer, and followed by M. de la Caille; for 


no kind of wood uſed in Britiſh dock- yards, when formed into a cone of 
thoſe dimenſions, will float a diver made of ſtout tin plates, one ſide of 
the ſquare being 94 inches. Such a diver, weighing 1 71b. avoirdupois, 


required to float it a cone of 5 inches diameter, and 12 inches on the 
ant fide, fo that the point of the cone, which was made of light fir, 


ſhould juſt appear above the water. Now. ſuppoſing” one ſide of ſuch a 
ſquare tin diver to be about 10 inches, and made of plate only 2 of the 
thickneſs of the former (for it is ſuſpected there is no tin of half its 
thickneſs), ſuch a diver would weigh, with its folder, about 20 ounces, 


and can be floated by a light fir cone of 4 inches diameter in the baſe, 


aud 10 inches in the flant height, or length; and ſuch a compound log 
might, perhaps, be found on trial to be at 


ected by about as much again 
as that propoſed by M. Bouguer, and confequently the difference between 
the numbers given by the common log and compound logs, muſt be augmented 
by J  rifelf to produce the neceſſary correction. IE AN 


1 3. H. When a current, ſuch as a tide, runs to any depth, the velocity 
of that current may be much better aſcertained by the compound log, 
than by the common one, provided the diver does not deſcend lower than 


the run of the current; for as thoſe ſhips which are deepeſt immerged, 
drive faſteſt with the tide, ſo the diver being acted on below, as well as 


the log on the ſurface, their joint motion will give the total effort of the 
current's motion, better than what could be derived from the motion at 


the ſurface only. Alſo, by ſuch a compound log, the depth to which any 
curient runs, may be eaſily tried. VVV 
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14. The MARINER's Compass is an inſtrument uſed at fea to point 
out the way a ſhip does, or is to go; and conſiſts of three parts, namely, 
the box, the card or fly, and the needle. ', r 
The Box, which contains the card and needle, is a circular braſs box | 
hung within a ſquare wooden one, by two concentric rings, called jim- 
bals, ſo fixed by croſs centers to the two boxes, that the inner one, or 
compaſs box, ſhall retain an horizontal poſition in all motions of the ſhip, 

IJbe CARD, or Flv, is a circle of ſtiff paper repreſenting the horizon; 
and is divided into points and quarter points of the compals, -. 
The NEEDLE is a ftrait piece of ſteel made magnetical; which has 
the property of pointing with one of its ends towards the north pole of 
the world, | DR Mg OE CL BO, 18580 

The needle is fixed to the under ſide of the card, and in the center is 
placed a conical ſocket, which is put on an upright pointed pin, fixed in 
the bottom of the box; ſo that the card, hanging on the pin, turns freely 
round its center; and one of the points, by the property of the needle, 
will always be directed towards the north pole . „„ 


1 . 


The top of the box is covered with a glaſs pane, that the motion of the 


card may not be diſturbed by the wind. This apparatus is called the 


Compaſs. The compaſs box is to be ſo placed in the ſhip, that the mid- 
dle ſection of the box, parallel to its ſides, may be parallel to the: middle 

„„ eee, eee i ae nd 
15. Before the invention of the compaſs, which happened towards the 
latter end of the 13th century, tae navigating of ſhips was a very tedious 


and precarious operation, and ſeldom made out of ſight of land. But 


the compaſs enables the mariner to hold his courſe over the ſeas in as di- 
rect and true a track, as the land carrier directs his carriage in a well- 
beaten road. Hence it might be reaſonably imagined, that no neceſſary 
expence or care ſhould ever be wanting in the conſtruction of this moſt 
uſeful inſtrument. But it has ſo happened, that ſome years ago ſcarce 
one ſea compaſs in ten was fit for the uſe for which it was made; they 


were fabricated by unſkilful' and ignorant workmen, for the wholeſale” 


* 


always be turned towards the north when the body becomes at reſt, 


dealers in the ſhipping way: and ſuch dealers generally pay no more re- 
gard to the conſtruction of this inſtrument, on which the ſucceſs of the 


voyage, and the lives of the men, in a great meaſure depend, than they do 


to any indifferent thing of the ſame price. 


. - ; 25 „ ; — 
NX * * * * Ly * * — w_- —_— „ — — 8 ee 
«7 * — 


„ . 


„ nne Naser G 7 i ne | ; 

* If a magnet, or a piece of iron made magnetical, be ſuſpended by a 
thread, or floated on a piece of light wood or cork in a veſſel of water; let the 
body be turned round either eaſt vard or weſtward, one and the ſame point will 


NW 
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There are however compaſſes uſed in the Royal Navy, India ſhips, 
and ſome few trading ſhips, which are conſtructed with more care, and 
on better principles; and are therefore vaſtly. preferable to thoſe com- 
monly uſed in the merchant's ſervice, which, from their conſtruction, 
ſieem to have been contrived purpoſely to. vary from what was to be ex- 


pected of them; as by joining the outſide box together with iron nails; 


making the needle of ſoft wire; and diſpoſing it in the form of a rhom- 


bus, in expeRation that the magnetical forces of the ſides would conſpire 


to act in the diagonal; making the pin and ſoeket ſo badly, as to pre vent 


the card from traverſing, c. So. 


It is only within a few years, that ſea· compaſſes bave been made free 
m that multitude of inconveniences; which formerly attended the beſt 


of them: Such inconveniences were, firſt, needles having ſeveral poles, 


occaſioned by their irregular ſhape ; for the beſt kind are ſtraight bars 
with flat ends. 2d. The needles being made of ſuch a temper as was ca- 


pable neither of receiving, nor of;xetaining half the virtue it is paſſible to 


give them; and conſequently, they were not directed to the poles with 


1 that ſtrength and perſeverance they might have been. 3d. The want of 
proper means to reſtore their magnetiſm during the courſe of a voyage, 


when it has been impaired. 4th. 'Fhe troubleſome and inaccurate methods 


of repairing'the pin on which the card turned when it has been damaged, 


and alto the expence attending the uſe of agate caps, or ſockets, which 


are the moſt proper, 5th. The want of proper contrivances te hinder the 


card from being greatly affected by the various motions of the ſhip. 
_ Theſe, and feveral other imperfections, have been happily. removed by the 
labours of the truly celebrated Dr. Gemen Knight, F. R. S. whoſe admi- 


rable invention of giving magnetiſm to ſteel bars, greatly ſuperior to any 


power they could derive from the natural loadſtones, joined to a multi- 
tude of experiments which he has made for the marine ſervice, has pro- 
- duced the means of conſtructing ſea · compaſſes fo perfett, that there 


© ſeems nothing farther to be wiſhed for, as neceſſary to this inſtrument. 


It may be reaſonably expected, that ſuch correct compaſſes will readily 


be brought into general uſe; as well in merchant's ſhips as in ſhips 


* 


of war; for Knight's compaſſes are now univerſally uſed in ther royal 


navy. 


2916. Aſter the diſcovery of that moſt ofcful property of the-magnet, or 
loadſtone, namely; its giving a polarity to hardened iron or ſteel, the 
compaſs was for many years uſed, without knowing that its direction in 


any wiſe deviated: from the poles of the world :. about the middle of the 


_ 16th century, fo certain were ſome of its inflexibly pointing to the north, 


that they treated with contempt the notion of the variation, which about 
that time began to be ſuſpected. However, careful obſervations foon diſ- 


covered that in England, and its neighbourhood, the needle pointed to 


the eaſtward of the true north: and the quantity of this deviation being 


We 


3 


known, mariners became as well ſatisfied as if the compaſs had none; 
ecauſe the tru& courſe could be obtained by making allowance for the 


true variation. „ 9 cy N PA DALE bot ol | | 
From fſucceflive obſervations made afterwards, it was found that the 


deviation of the needle from the north was not a conſtant quantity; but 
8 A, . * r f . — $7 
„ 
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that it gradually diminiſhed, and at laſt, ' namely, about the year 1657, it 
% = K that the needle Birr due north, r. "ihe 3 
ſince been getting to the weſtward, and now the variation is near 22 de- 
grees to the weſtward of the north: So that in any one place it may be 
Tapeted the variation has a kind of libratory motion, traverſing through 
the north to unknown limits eaſtward and weſtward. But the ſettling of 
this point muſt be left to time. „ 1 5 
About the ſame time it was alſo diſcovered, that the variation of the 
needle was different in different parts of the world, it being welt in 
ſome places when it was eaſt in others; and in places where the varia- 
tion was of the ſame name, yet the quantity of it differed greatly. It 
was therefore found neceſſary that mariners ſhould, every day, or as often 
as they had opportunity, make proper obſervations of the ſun's ampli- 

_ tude or azimuth, by which they might be enabled to find the variation of 
the. compaſs in the place they were then, and thence correct their courſes 
17. Beſides the common ſea-compaſs, there is another, called the 
_ AzIMUTH CoMPASs, the uſe of which is to take the bearing of any 
_ celeſtial object, when it is in, or above the horizon. This compaſs dif= 
fers in no reſpect from the other, only that the eircumference of the card 


or box is divided into degrees; and there is fitted to the box an index 
with two fights, which are upright pieces of braſs, placed diametrically 


oppoſite to each other, having ſlits down their middles, through which the 
ſun of ſtar is to be viewed at the time of obſervation. 55 1455 


18. To make Artificial Magnets. 


As there are many accidents at ſea, which make it very convenient, 
and even neceſſary, for mariners to know how to reſtore the magnetic 
virtue to their damaged needles, it was judged proper to ſhew how, inde- 
_ _ pendent of a loadſtone, magnetiſm might be given to ſteel bars; and with 
_ theſe bars to touch the needles of their compaſſes. „ Lg 
The following method is extracted from a paper given by Mr. John 
Canton, F. R. $. in the. Philoſophical Tranſactions for the year 1750. 
Procure ſix bars of ſoft ſteel, about 3 inches long, 4 inch broad, and 
2. thick; and other ſix of the hardeſt ſteel, each of double thoſe dimen- 
fions ; and let each of the 12 bars be marked with a line round them at 
one end, which call the north end; and the other, the ſouth end. Pro- 
cure alſo four bars of ſoft iron, called conductors ; two of the ſame thick. 
_ neſs and breadth, but only half the length of the foft bars; the other two, 
- alike proportioned to the hard bars; have ready alſo an iron poker and 
Wy , Ot lg oe tte 
Let the poker be held nearly upright, with its point downwards; and 
let one of the ſoft ſteel bars be held tightly againit the middle of the 
polcer by a thread with its N. end downwards; then with the lower end of 
the tongs, held alſo nearly upright, ſtroke the ſteel bar from the N. nd 
upwards, about 1o times, on both ſides: and in this manner ſerve fou; ot 
the 5 N bars; and each will be made able to ſuſpend a mall rep by 
„us N. ene. 8 1 8 | ED 


Lay 


r 
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L.ay the other two foft ſteel bars in a parallel poſition, at the diſtance 
_ of t inch, with a N. and 8. end to touch each of their proper conductors. 
Then placing two of the touched ſteel bars together, breadth to breadth, 
the N. end of one to the S. end of the other; and the other two put in 
_ - Hike manner againſt theſe, one on each ſide, ſo as to have two north ends 
together, and alſo two ſouth ends; ſeparate with a large pin the two 
north points from the two ſouth points, at one end; and to the middle 
of one of the two ſoft bars apply the open end of the compound bar, held 
upright, with the two norths towards the foùth end of the lying bar, and 
in this poſition ſlide the compound bar backwards and forwards four 
times the whole length of the lying bar, ending at the middle; from 
whence remove the compound bar to the middle of the other lying one, 
Which rub in like manner: then turn both bars the other ſide upwards, 
Ns and repeat the operation on each. Let the two lying bars make the in- 1 
ner two of the compound one, and place thoſe which were before the ij 
two outſide ones between the conductors, on which the operation of | 
rubbing is to be performed with the end of the compounded bar. Re- 
peat this operation until each pair of bars has been rubbed four times, and 
_ - their magnetic power will be greatly increaſed. ' * „„ 
Now putting three contiguous N. ends to three 8. ends, with this 
compound bar, the lower ends being opened with a pin, as before, touch 
two pairs of the hard bars, placed at half an inch diſtance, between their 
proper conduQtors, in the manner above deſcribed; and with thefe four 
touched bars make a compound one to touch the other pair; obſerving 
that the lower ends be parted near a quarter of an inch after they are 
et on the middle of the lying bar, and that they are cloſed before they 
are taken off: touch each pair of hard bars three times over, and th | 
dars will be ſtrongly magnetical. To make them more ſo, let each pair, 
= | lying between their conductors, be touched twice over by two others, 
held as nearly horizontal as can be, one in each hand, by drawing at 
the ſame time the N. end of one from the middle of the lying bar over 
its S. end; and the S8. end of the other from the middle over the N. end, 
- and bringing them every time to the middle of rhe lying bar without 
touching it. Four of theſe horizontal ſtrokes along each fide will give 
as much magnetic ſtrength to the hard bars as they ſeem capable of re- 
ceiving; and each bar, if well hardened, will lift near two pounds weight 
JJ a aid bong on herd na ANT . 


& 
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The fix hard bars, with their two conductors put end to end as one 
bar, ſhould be kept in a caſe ; the bars being put face to face, having a 
N. and S. end together alternately; thus they will retain their virtue a 
long time, and be ready for any experiments: and ſhould their power be 
found to fail, it may be reſtored, by the latter part of the operation, in a 
er STR: „ TP 
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20. | 5 To give Magnetj iſm to. Compaſs Needle, 


Lay the two needles of equal length, about an inch aſunder, with the 
N. end of one and S. end of the other pointing the ſame way, and ap- 


ply two conductors in contact with their ends. Then with two mag- 
netic hard bars, one in each hand, and held as nearly horizontal as can 
de with the upper ends of contrary names turned outwards to the right 
and left, let a needle be ſtroked or rubbed from the middle to both ends 


at the ſame time, for 10 or 12 times, a N. end of a bar going over the 
8. end of the needle, and the S. end of a bar going over the N. end of 
a needle. Then without moving from the place, change hands with 


the bars, or, in the fame hands, turn the other ends downwards, and 


ſtroke the other needle in like manner, and they will. both be magneti- 


cal. But to make them ſtill ſtronger, repeat the operation three or four 
times from needle to needle ; and at laſt turn the lower ſide of each 


needle upwards, and 9 the operations of rubbing them, as on the 


6 other ſides. 


In the rubbings or touchings to procure magnetiſm, the hand mould 


not return directly back the way it came, but ſhould return in a kind of 


oval figure, carrying the hand about fix or eight inches beyond the point 


of the bar or needle where the touch ended; but not beyond the point on 
the fide where the touch begins. 


It may be proper to obſerve, that the needle, which before it was a. 
magnetical, hung level on its pivot, does afterwards incline to the ho- 
rizon; which inclination is called its Dip: The horizontality is to be 


. r- by putting a ſmall counterpoiſe, or ring of braſs e on to that 


end of Nt needle which appears to be the . 


PR OBI. E M. 
To make an obſervation with the Azimuth Compaſs. 


\ 


0 ES Y I. For' AN AmMPLITUDE®, 


When the center of the ſun is about one of his diameters thove the 


horizon, turn the compaſs round in the hox, until the center of the ſun 
may be ſeen through the narrow flit which is in one of the ſight vanes, 
exactly on the thread which biſects the flit in the other, at that inſtant puſh 


the ſtop which is in the ſide of the box againſt the edge of the card, and 


he degree, and parts of a degree, which ſtand againſt the middle line on 


the ſtop, is is the amplitude of the ſun for that time. 


25. N II. For an AzIM urn 1. 


Turn the compaſs round in the box until the center of the ſun muy bis 


ſeen through the narrow ſlit, which is in one of the ſight vanes, exactly 


on the thread en biſects the Mit i in the other; 72 until the ſhadow of 


—— 
9 — „ — — ona 


— 


* Amplitudes are from obſervations male's on objedts 3 in hb horizon. See 


| Book V. 112, 147 to 152. 


+ Azimuths are from obſervations made on, objects above the horizon. 


Je Book Yo 111, 152. 


N I that 


—— 
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that thread falls directly on the line of the index: when . of theſe 
Is, effected, puſh in the ſtop againſt the ede e of the card, and that degree 
and parts of a degree which ſtand my tho middle line on the mop is 
. 9 the azimuth of the ſun at that time. x 
knot, is here faid of the ſun, i is in like 1 manner to be applied to the ſtars, £ 


23. When there is a roogh ſea, ind the ſhip rolls much, the obſervation 
N bs beſt performed by two perſons, thus: 

Let one look through the ſights, and turn them till the thread cuts the 
: center of the ſun, and be ſure to keep a conſtant ſight of it, notwith- 
ſtanding the motion of the ſhip, which being ſignified to the aſſiſtant by 

any word, let him that inſtant obſerve what degree of the card is iel 
me middle line of the ſtop, and the arc intercepted between that point 
and the meridian will ſhew the quantity of the magnetic amplitude or 
azimuth, If the card ſhould vibrate very much, let him take the middle | 

| degree between the limits to which the vibrations extend. 

en the magnetic azimuth of any objert? is obſerved, its altitude muſt 

alſo be taken at the ſame time. | 
ö This inſtrument is alſo uſeful in ſetting the- ſhip' 8 wake, in order to 
O01 {2 lee - way and alſo to find the of as of headlands and other 


| objects. * 
fy e SECTION. UI. 
24. 7 work an ; Amplitude. 
— I be tre FO "PREP eee of the 


- __  - cardinal points of the horizon, at the . or ſetting of that object. 
| Ik! be amplitude is reckoned eaſtward in the morning; 3 but it is named | 
weſtward in the evening. 
The cuſtomary way of. accounting the amplitude is, to 3 it ſo 
. much to the ſouthward or northward of the eaſt in the morning ; and 
in the evening ſo much to the ſouthward or northward of the welt : but 
3 as bearings are al th taken from the meridian, in. the . following 
3 rd Pages the amplitudes will eſtimated chiefly from the north. point. of the 
OTIZON, ”— 
__ __ The finding of the true amplitude at ſea is of conſiderable importance 
Ms in navigation ; for ths true xo Wea ul the 96 has Rovers | is bart * 
8 neee. 
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„ Ada PROBLEM. 


Given the latitude of the place, and the declination of 4 a cel fat . 
A the true u N 5 that olject. 


80 rr ro. 


5 Sag! As the co-ſine of th latitude i is to radius. | | | 
| So is the ſine of the given dec]. to the co- ſine of the amplitude. 
Or, Add 10 to the index of the log. ſine of the declin. and ſubtract the 


log. co- ſine of the latitude from the ſum, the remainder | is the | 
log. co- ſine of the true amplitude. 


The amplitude, thus found, is to be reckoned from that point of the hos | 
rizon or compaſs, which | is of the ſame name with the declination of that 
object. 
| If the amplitude be wanted from the eaſt or weſt points of the hori- 
zon, the laſt term of the proportion will be a ſine inſtead of a co-ſine; 
and the amplitude is.to be taken to the northward of thoſe points, when 
the declination. is norths or to the Guth wurd, when the GAGE is 
fouth. 


26. Sorurion BY THE TRAVERSE TABLE. 


Wich che declination among the courſes, find che departure to the diſ- 
tance 100. 


Wich the 3 latitude among the courſes, aid laid departure in the 
column of latitude, find the diſtance. 


Look for a column of departure, where this diſtance ſtands againſt 100 


in the column of diſtance, and the degrees in the derten courſe 


will give the amplitude from the eaſt or weſt. 

This rule will always give the degrees as truly as by logarithms : ad 
as the magnetic amplitude cannot be obſerved more N the true am- 
plitude will be had ſufficiently correct by this rule. 


Exam, I. In the latitude of 38* 2 5% N. what is the Su s true . 
1 when his declination is 185 59 N.? 


By Len, N 1 Di the Traverſe Table. TAR 

As col. lat. as. 25” , 10393 

To radius 10000 To decl. 199 oo', and Ut. 1065 the 
18 59 9.51227 dep. is 32,56, | 

N 128” 2G and diff. lat. 32, the 


Il 


Jo fin, hor. are == 24 32 9,61822| diſt, is 41. 


n Io ditt. 100, and dep. 47, the courſe 
Subtract from 90 oo for N. dec.] is 24. 45". Therefore the horizon- 
5 —— tal a arc is FRE! 450 


In this and the losing examples the 88 degree _ minute to 


the declination, that can be found 1 in the Ea Ta rd is taken for the 
. e | 


* 


| EXAM. 


| 238 | 


By Logarithms. 
vs As coſ. * == 3$1* $2"  0,40617 
To radius n 10, coco 
30 fin. decl. = 20 56 9,9530 
; To fin, hor. ar = 35 03 95 5918 
Add to go. eo liv 3 tech. 


* 
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Which add to 8 


Exam. II. Required the Sun's true amplitude i in the lat. 
cher rhe Sun's declination is 20 560 8, 


Sives true amp. 12g 03 9555 the N. 


* 


I Logarithms. | 
A col lat. 34 15" - 008271 
'To radius 1a 


So fin. decl. 


— 
—— 
— — 
— — 
— 


vs 10 9.53751 


70 f. N 24 39 
Which add to 


90 co for 8. decl. 


— — ; 


— - Gives trueamp. = * 39 fr. the * 
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By the Trevnſ Table. 


To decl. 210 co”, and diſt. 100, the 
dep. is 355 8. 
To lat. 51 zol, and diff, lat. 35S, 
the. -diſt. is 57. | 
To diſt. 100, and dep. 57, the courſe 
is 34 45%. Therefore 35* may 
be taken for the horizontal arc 
. 


k 


1 II. 1 hen he Fun s 1 way 10. 107 &. f Was bis 
; ke at the Cape of Good Hope, in lat. 34 15“. ? 


5 


7 


By the Fe Traverſe Table, 
To dec. 20% TIM and ail. 100, the 
dep. is 34,0. | 
To lat, 34* 15”, and diff. lat. 34.6, 

the diſt. is 42. | 
To dift. 100, and dep. 42, the courſe 
is 24 45. Therefore 25% may 


> 


be taken for the horizontal arc 
| e 


Exam. IV. On 5 point f. the borizon does the far guru "k and 
fe at Buenos Ayres, in lat. 34* 3 5 . 


_ By Loxarithmy. alt es 
As coſ, lat. 34* 35 0,08444 
To radius 511 10, ooo 


v0 fn hor. arc = 25 09 


—  F 


res true amp.=115 09 fr. the N. 


9.62843 


90 oo for 8. dec. 


1 


29 9.8399 


B y the Trove Table. 


To det. 209 30% and diſt 100, "he 
dep. is 350. 

To lat, 34* 30', and diff. lat. 35,0, 
the diſt. is 42, 5. 

To diſt. 100, an dep, 42,5, the courfe 


is 2916“ Therefore the hori- 
Zontal arc may be taken as 25 de- 


eee 
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27. . To work | an . 


The true azimuth. of a celeſtial object is its bearing from the north or 
"Wh points of the horizon, when above it. 

In the forenoon the azimuth is reckoned eaſtward, and i in the afternoon 
| weſtward. 
The azimuth is uſually eſtimated ſrom the ſouth, Wen to the ſouth- 
ward of the caſt or weſt points of the horizon ; ; 5 ng from the north when 
to the northward of thoſe points. 

The uſe of the azimuth is to find the variation of the compaſs, in order 


to correct the courſes which the ſhip has ſteered. 


28, 8 OY "PROBLEM. 
"Thi? Jatitude 7 the place, the declination of the obj ft, and i its altitude lun 


_ Tnown 3 0 the true azimuth of that „heckt. 


SOLUTION. 
When the latitude and declination are of the ſame name, let the co- 


declination be called A. 


But when of contrary names, add the declination to go degrees, and 5 


| call the ſum A. 


Let the difference between the co-lat. 14 al be called D. 

Alſo, find the half ſum and half difference of A and v. 

Then write theſe four logarithms under one another, | 

| Namely: The arith, comp. of the log. fine-of the lect, T 
The arith. comp. of the log. fine of the Caddo. 

The logarithmic ſine of the foreſaid half ſum of A and D. 
| The logarithmic fine of the foreſaid half diff of A and D. 

Add theſe four logarithms together, and take half their ſum, which 


' ſeek among the ſines for the correſponding degrees and minutes, and 


theſe being doubled will give the true azimuth required ; from the "north, 
in north latitudes, and from the ſouth in ſouth latitudes, . | 
The working of an azimuth by logarithms, although as ſhort as any 


numeral ſolution of this problem can be expected to be; has been thought 


one of the moſt tedious, elements that enter into a common day's work: 


but by Gunter's Ks it may, be readi] y. done as e and ſufficient! y 
correct. 


| at 
29. | Ts as an . bs the Gunter s Seals,” | EL 
Find the co-lat;; co-alt., the half ſum; and balf difference, as above. PLS 
Then, On the ſcale of log. ſines, ſet one point of the compaſſes on the 
half ſum, extend the other point to the co-lat,, obſerving whether the 


ſecond point falls to the right or left of the firſt, and take the compaſſes 


off without altering their extent. 

Set one point on the co- alt., and let ak ſecond point fall where it will 
(the ſame way it did before); there hold it, and open the compaſſes till 
the other point falls on the ball diffecance, then take n alt. without al- 


1 tering _—_ extents N „ ON es 


-_ 


— 


ö . hand end of the Ga of ve 


— 


Now ſet one point of the comp oy d on the braſs pin at the beginning, or 
d fines 8 V. S.), turn the other 


en 


with the pr fa and 117 the extent from thence t to the Half ee and 
Work as before. © 


Theſe directions, with thoſe in Book III. 8%, 8 55 will remove all the 


feeming difficulties, that beginners ol meet with, 1 in working an azimuth 
by the Gunter's ſcale. a 8 


ExaM. I. At ſea, in lattude 40? 38 NM in tbe — the Sur's al- 


Yitude 24s. obſerved ; to be 200 406, * bis declination Was N 10 S. 5 Re- 5 
We the Sun's true exo at that time. e 


22 N of rt e 
WA +: S* w 4 1 ; \ AR 18 
1 14 * * — * — * 


wh er | 


a e co-alt. is 69˙ 8 * A. co-log: ſin; co-lx S. 47 0, 11982 
: e co- lat. is 122 3 co- log. fin: * at. 9 14 3 
wer To PIES þ is 
i D=1 tes th 0 2 Ol 
9 „ I 8 5 oh 39 87839 

Now 10% 10 go edel The ſum of the four logs” 41  19,93985 | 

And 19 52 . ES o l *. 
— — | | | Their 4 ſum gives 38* 55” ry 9.86992 

127 0263 — — 

2— — | Thedouble ie 137 50, which is the Sun's true 


* "IG 3 3954 dif | azim, from the N. point of che horizon. 


* Gn TA R's Scalp... 


8 the 13 the extent from 63* 31/ to 495 22/ will reach from 6g? 14 
to a little more than 525. Let the point reſt there, andextend the other to 
43* 393 ; this extent will reach from the be inning of the verſed ſines to 


about 42?, which taken from 180, leaves 138 for the azimuth from the N. 
| point of the horizon, and is very near what was found by the logarithms. 


"Exam. II. What is the Sun's true azimuth in the latitude of 26? 30' . 


5 when hrs altitude in the rer 28, and his del, 16 220 Es 155 FR 


64-3 


By LoOGARITHMS. 2 #10-% ” 
The co- . Is 650 ga 8 I Ax, colog. fn. co-lat. ze 30% 9 
Damen 63 30 Arx. cot log. fin, co-alt. = 65 32 o, 04086 


4 „ Log. ſine 3 ſum = 34 4 9,5814 


—y— 
The dit. * 2 0 . Log. line 4 diff, = 32. 39 0,73 200 


Now: 67 WD is 50 bt ded. , The ſank of the four logs 3 78. 19,57621 
ou 2 O _ — 

© | 14 Their 3 ſum gives 37* 3% bh 2 9,788 10 
I The Abbe 75 44, Which . $un' $ true 
TH azim. from the N. W * 5 


we, „„ By 


2% DAN S W O * KS. Bock Ix. 


1 


. pI 2 

* Wo 

4 Ta TE 
. 


N 
* 


| n 17 By GunTER's SCALE. COS» OS | 
On the log. fines, the extent from 34 41/ to 63? 30% will reach from 7 
65 32/ to ſome point beyond the right-hand end of the ſcale; let the e 
point of the compaſſes reſt there, and extend the other point to the ſine 
of 32 307, and this extent will reach on the verſed fines, from the begin- 
ning, or o deg. to 104 207, the azimuth from the ſouth, nearly as found - 
by logarithms. 73 N | 


ExAM. III. A the ifland of St. Helena, in lat. 16* 00/8. the Sun's al- 


. 


titude was obſerved in the forenoon to be 30 22/, when his declination was 4 
22 58/ S. e M hat was the Sun's azimuth at that time? © 7 
The co-lat. is 74% 00” Ar. co- log. fine co · lat. = 74% oo' 0,01716 
The co- alt. is 59 38 Ar. co-log. fine co-alt. =59 38 0,06409 
06 7 a_ I Log. fine f ſum = 40 42 9,8143331 
The diff. d=14 22 Ig. fine 4 diff. 26 20 9,64698 
Now 67 02/=4, is go? leſs deel. The ſum of the four logs. 19,4254 
—— „mei am, gives; 307 i: 9/7727 
81 24040˙ 42 . f ſum. | |, — | ; 
2) nn ĩ— [Which doubled, is 72 24, for the Sun's true 
52 40j26 20 2 diff. ſazim. from the ſouth, or 1072 36' from the N. 


Or thus; The extent from 40% 42/ to 749 oo” on the fines, will reach 
from the ſine of 59? 38“ to a point beyond the limits of the ſcale 3 then the 
extent from that point to the fine of 26 20”, will reach on the verſed ſines 

from © deg. to about 1072 49, the azimuth from the north, 5 
ExAM. IV. On what point of the horizon, at the Cape of Gaod Hope, does 
the flar Aldebaran bear, when its altitude is 220 25/? „ 


The co-alt. is 67* 355 Ar. co- log. fin. co-lat. = 55 45 o, o8271 ow” 
The co-alt. is 55 45 Ar, co-log. fin. co-alt. 67 35 0,04412 
%%% tn TEE Log. fin. 4 ſum = 58 54 9,9326 
The diff. p=11 50 | Log. fin. 4 diff. = 47 05 + 9,86472 
Now 105? 59 , is 90, and decl.| The ſam of the four logs. 1991416 
And 11 ,0=0, n . . — 
© . Their Z ſum gives 64 57 995 70 
I 68? 564= + ſam. | — g | 
2) pads”, Which doubled, is 129 54, for the-Sun's true : 


94 oglq47 o5 = diff. ſazim. from the S. or 50 c from the WC. 
Or thus: The extent from about 592 to about 674 on the fines reaches 
from about 554 to about 63: then the extent from about 63 to about 

4%, reaches from the beginning of the verſed fines, to about 507 ſor the 
azimuth from the north. | ** | | * 
Theſe examples ſufficiently ſhew, that an azimuth may be worked by 

the Gunter's ſcale, not only with great readineſs, but alſo as accurately as 
the magnetic azimuth can be taken by the compaſs. 3 e 

The manner of working amplitudes and azimuths has been pretty 
largely inſiſted on, in order to render them familiar to mariners; who, for 
the generality, eſteem theſe operations very troubleſome; and it is on this 
account that many writers have contrived various tables to remove the 
trouble complained of: but from a due conſideration of what is here done, 
it is apprehended ſuch tables will not hereafter be much wanted. 5 | 
F Ohe-Ls „% Sth | earl, A 
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A 


PAYS ente ene 


tudes or azimuths of celeſtial objects together. 


* 


poles. 


„„ 


nad „ rn OY, Bhs S800] TION, | 835 


| Keeps is the variation of the compass. 


is greater than the magnetic: but when the true is leſs than the magnetic, 


3 N E c T 1 0 * v. Ld e 5 
20. 55 0h bb Fe ariation of the Cumpaſe. Wl 


The magnetic poles. are ai points of the world, towards w = the Y 
north and ſouth ends. of the needle in the fea. compaſs ate directe 


Magnetical meridians are imaginar * lines, paſſing through the magnetic | . 


The variation of. the e is. the difference between the bearings of 
the true and magnetic north poles 3 and is meaſured by an arc of the ho- 
rizon contained between the true and magnetic north points of it. 6 

The variation is named egit, when the magnetic north point is to the 
eaſtward: of the true north: but 8 to the weltward, it is named nog 
* iation. 


The e amplitude of a celeſtial object is ; its bearing by the com- e 
paß when in the horizon. 


The magnetic azimuth of 4 celeſtial object is its. | bearing by we com- 5 
pass when above the- horizon. 


The variation is found by comparing the true and magnetie ampli- 


The uſe of the variation 1 to correct we Arte which Tag! has 
ſteered by the compaſs. , | 


OP 


* Given the true and magnetic amplitudes or aximut hs 177 4 celg fil e: ; 
. the variation 7 the compas. on 


* 


Let the 1 true 50 an amplitudes or aximurhs, be oy from 2 
"the north; and named eaſt when the obſervation i 18 made. in the forenoon 3 3 
but weſt when made in the afternoon. : 


Then the difference between the true and magnetic amplitudes or azi- 
And is of the ſame name as the true amplitude or azimuth, if the t true 5 


"ms yariation is of a ner name to the true winde or azimuth, 

i; Fox, let N in, the true 3 point of the U and, the are 
nwo the true amplitude or azimuth: it is evident, that if the arc ow, 
repreſenting the magnetic amplitude or azimuth, be leſs. than own, then 
the magnetic north point of the compaſs will fall on the. fame Tide of the 
true north, that the amplitude or azimuth is on; +but when e, n falls 
on the e dee. Plate BAY s Fj Fig. 
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Courſes {et NNW. 2 pts. SW. ZW. 4 pts.] S E. b. 8.4 b. 31 ts: 
Variation Add iz pts. Bebe. * pts. Add 8 * . | 


| Congo NW b.N.4W. 37 pra. SW. b. 8. 3. Leb EA 


8 


4 { 


to riſe 70* from the north by the com-| by the compaſs to ſet NS. „ when his 
23 when 25 true amplitude was N.| true amplitude was N. 126? 177 M. : 


870 45 E. What was the variation, Required the variation of the , £ 


ond which ways? land which way. 
True amplitude = 81° 457 E. True amplitude = == 126, TH W. 
Magnetic A . e = 70 00 | Mag. amplitude = 112 30=10 pts 
The variation Wa = 1 1 45 E. The variation 13 47 w. 


85 Ex an. III. Suppoſe the Sun's true Ex Al. IV. Ihen the 7g was . f 
azimuth be M 84 40 V. when ſerved to bear ESE. his true azimuth 


2 bearing was M. b. S. by the com- was found to be N. 88 46/ E. What 

paſi: Required the en and qucalaty was the e and name of e. da- 

of the variation. riatiun ? | 
"True azimuth = 84“ 400 W. | True azimuth = $9046 E. 
Mag. azimuth = 101 15 =9 p.“ | Maß azimuth == 112 3 


——— — 


The variation = 16. 35 E. The variation =, 23 2 W. 


The manner of finding the variation being known, the e may The 2 
correfted by the PIG rules. e 


„ PROBLEM. „ 


— 


ws Given the courſe ſet, and the variation of the : : 
| A re we true courſe the ſhip Perrys 


”» 


1 


. the perſon . himſelf looking the way the ſhip fails ; tick the 
8 ſteered by the compaſs muſt be altered as many degrees, or points 


and parts of a point, as the variation amounts to toward tlie right hand, 
if the variation be eaſt; but it muſt be altered the like e towards {2 
the left hand, if the variation be weſt. . 8. '# 


| * I. Suppoſe the variation is 1% point W. 1 10 correct the 2 courſes 
NNW.; SW. W.; SE. l. . F 0 Ms 


Subtract 14 


- Exam. II. The variation is 18 E.; to correct the following o_ 
Courſes ſet N. E. b. N. 33% S. b. E. Ie 15 S. W. b. W. 560 15% | NW.=4: 


Variation Add K+, 18 0 e 18 0 Add 18 00 l Subte.1 
Cor, cour. M. 31 46 k. 8. TW. 8. 74 15 W. I N. 27 00 
; * oF 4 — 
•F•j3ůj3j Yo, v3 ISTCTION- 
4 * 
5 „ 
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Ex 1. The Sun was obſerved|. EAM. II. The Sax © was 0 as obſe bſerved 
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INE. 4 E. 44 
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7 TEE. RK Ss. Best . 
ee IA ay SECTION 1 
Of finding the Ship's 295 or - leeway. 1 


| 2, a ſhip turns to windward, or is cloſe hauled on Aa wind, ſhe gene- 
rally runs to the lee ward of her intended courſe. 


EE WA Lg? the angle which the ſhip's real courſe makes with her i in- 
tended courſe, occaſioned by contrary winds, and a rough ſe. 
| The leeway made by different ſhips, under the ſame circumſtances of 
wind and fails, will be different; and even the ſame ſhip, when differently 
laden, and having more or leſs fail abroad, will make more or leſs leeway. 
| However, the following precepts for y ware for the leeway have been 
K 


7 enerally given by Engliſh writers; they were firſt Ne wy. W. © 
ins * * dun from Mr. John Buckler.. | 


„„ Allowances for Leeway: 
iſt, When ſhip is ; cloſe hauled, has all her ſails ſet, the water + not: 84 
a moderate gale of wind, ſhe is then ſuppoſed to make little or no leeway. | 
2d. Allowone point, when it blows ſo freſhthat the ſmall fails are taken in. 
3d. Allow'two' points, when the top · ſails muſt be cloſe reefed. 
_ 4th: Allow two points and a half, when one top-ſail muſt be handed. 
th. Allow three points and a half, when both top-fails are to be 9 in. 
th. Allow four points when the fore courſe is handed. 
th. Allow five points, when trying under the main-ſail only.  _ 
th. Allow fix points, when both main and fore courſes are taken in. 
8 h. Allow ſeven points, when the ſhip tries a hull, or all fails handed. 
h 


* _ Wy en the wind has blown hard on any point of the compaſs, and ſhifts 
J oppoſite point, the ſhip will make lefs leeway than ſhe did before. 
: But in all theſe caſes reſpect muſt be had to _e N of the 2, 
a 7 and the trim of the 222 * e | 
ö 3 5 PROBLEM. 88525 


Given the place of the wind, the courſe ſet, and t the ler, 
© Required the true courſe the ſhip males. 


Rolz. Gau the neareſt way of the compaſs from this OE to oY 


courſe ſet, and as many points ay rts beyond as the leeway 

amounts to; and it gives the true courſe which the ſhip makes. 

bh S I. The wind NIW. b. V. ExAM. II. The wind SE. 1 

the cour 1 jet VBE. b. N. keway 1 1757 ts cloſe hauled with her Harboar!? 
point What is the courſe made god? | tacks aboard, and bath  top-ſails 9 | 
The wind NW. b. N. : Ted: What is her true 97 * 11 

WHY Courſe ſet NE. by N. = 7 points. 1 The wind 8E. by 8. 8 a 8 < 
Andi the leeway =1 1 | Courſe fer E. b. N. gh -polars. 8 

I  Subtra® leewaß i points. 


. True courſe NE. # = = 4 point. | 1 True co. NE. "by 52 E. peine. 
* 1 counting at way in the The ſhip being cloſe! hauled, is ſax up- 
;  _._ compaſs from NW. b. N. to NE. by N.] po 
| and one point farther for the leeway,| muſt be in the NE. quarter, being on 
becauſe the wind drives her farther to- her ſtarb. wk then counting 6 pts. 
: Wards the eaſt, will give NE. Led the from SE. 1 gives E. by N. 7 Pts. 3 
._ re Fon 121 ay e IT'S - [frac 
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24 50 8. ECTION VI. i 
Of 1 me for taking . Altitudes. 


Tue altitude of the Sun, or any other celeſtial object, may be n | 


by inftruments contrived after various ways; thoſe only which are beſt 
SPS for dans at es will be here confidered, 1 5 


Nen Of Davis! 8 . 1 , 
Wl: 67M e and Uſe. Plate XIV. Fig. 9. ts es 
The eee moſt in uſe at ſea, until abdut the year 1740, is by 


us called Davis's QUADRANT, and by foreigners the ENOLIsH QUa- 


'PRANT. It conſiſts of two arches, . making together ninety degrees, and 


is therefore called a quadrant. Thoſe arches are fixed in the ſame plane, | 
one above, and the other below a ſtraight bar, the length of which is 


equal to the radius of the lower arch, and about three times the radius of 


the upper arch; and they are connected and ſupported by proper braces. 
The upper, or, as it is commonly called, the GREATER. ARCH uſually 


contains 6 5 degrees, not ſubdivided into ſmaller parts; and the LESsER 


ARCH contains 25 degrees, which, on account. of their larger ſize, are 


ſubdivided into ſmaller parts, and theſe, by the help of diagonal diviſions, 


and 11 concentric circles, are, uſually ſubdivided into ſingle minutes. 
There are three pieces called vanes, ſo fitted to the inſtrument as to 
ſtand at right angles to its plane. 

Firſt, The Horizon VANE is fitted to flip on the end of the bar or 
radius, cloſe to the center of the two arches. In this vane there i is a lang 


lit, through which the horizon, that is, the line where the ſky and water. 


apparently meet, is to be ſeen. 
Secondly, The SHT V ang, which is ſo fitted as to ſlide along the leſſer 


arch of 25 degrees, having a ſharp edge to cut the diviſion it ſtands at; 


and in à line with this edge | is a ſmall hole, through which the horizon i is 
to be 7s cen through the flit in the horizon. vane. | 


65 arch. The upper line of the ſhade: caſt by this vane is to fall on the 
edge of the ſlit in the horizon vane during the time of obſervation. 


nſfead of the ſhade vane there is generally uſed another, called the 
GLass Vane, becauſe it has a convex lens (or, as uſually called, a burn- 


ing glaſs) fitted to it, which collects the Sun's rays into a bright {pot on 
the horizon vane. 

Az, is the bar or radius. BC, the — or 2 5 arch. DE, the greater or 
65 arch. ab, cg, h i, ate braces which fix the arches to the radius, and 
ſtrengthen the inſtrument, & the horizon vane. H the ſight vane, F the 
tage or B08. vane, OFAa ray of the Sun. ADAC 1 angle, or 90" . 


3 75 oh erue | the Sun? 1 fe kinnd, or 1 di 7 Pu by Davis 5 nadrant. 
7 yo dee Plate XIV. Figure 9. V 


Fir, * put the Bottzen vane on to the end A of the bar AB; and let 


as 80 _ to the ae, at A. On the ſhade or glaſs Vane on the arch 
3 DE 


3 — 


— 


13 


Thjrdly, The SHaDs VANE, which is fitted to {lide on the greater, or 


* 


* * 
* 185 22 
AL x 4 PR 
. 


— 


as bars won K 5. 


DE to an even degree, about 10 or 15 degrees leſs than . the aid 
diſtance is judged to be; and put the ſight vane H about the middle of the 


arch Bc: obſerving that the ade and hear vanes be they Cale to the 


backs of the arches. - 


Secondly, Turn your back to the Sun; hold the ples of i intivothene | 


in an uptigbt poſition, look through the hole in the ſight vane, and raiſe 
or lower the quadrant until the bright ſpot eaſt by the Sun through the 
a8 vane, falls on the G in the linedrawn through the-flit in the horizon 
vane; then, if the horizon is ſeen through the flit in the horizon vane, 


even with the ©, the e wil Sixe the Sun's altitude « or zenith diſ- 


tance at that time. 
1 Thirdly, But if the ky. appears 0 che flit inflead of the borizon, 


ie the fight vane n hi ger, until the horizon coincides with the bright 


ſpot fallin on © ; or if the ſea appears inſtead of the horizon, flide the 
fide vane ff lower, until the ſpot and horizon come together, and the ob- 
ſefvation at that time is made. 


Fourthly, To the degrees between Þ and F add. thoſe between c and un, 
"their ſum gives the zenith diſtance”: but the degrees between B and A, 


added to thoſe between F and x, ſhew the altitude.' a 

55 38. Now to find the latitude, the meridional altitude or metilifotal Zenich 

_ diffance of the Sun is wanted. Therefore begin ſome time Before noon, 
and having taken an obſervation as above abel wait a minute or two, 


and obſerve again; and if the ſea appears through the horizon vane the 


Sun has got higher; therefore flide the ſight vane lower, = the ſolar ſpot 
and horizon coincide z and thus continue obſerving A ſhort intervals, 


N until the ſky. appearing inſtead of the ſea ſhews that 8 un has paſt the 


meridian; When this "happens, Jet the vane ſtand as at the laſt alteration, 
And add the degrees f in the greater arc to the degtees and minutes in the 
| leſſet, their ſum gives the meridional zenith diſtance. _ 
If inſtead of the bright ſolar ſpot, the upper border of the ſhade 55 made 
to fall upon the horizon line, at the time the horizon is ſeen through the 
„lit in that line, then the” ſum of the arcs is the zenith diſtance of the 


Sun's upper ee or limb, to which. add 16 YER, and the fum is the. 


diſtance of the Sun's center fromthe zenith *. 


"1 One great objection againſt this inftrument i is the trouble and time 
in 


lliding the fight vane ũp or down, which ſometimes cannot be done 


without l the quadrant from the eye, by which means an opportu- 
nity may be loſt of making the obſervation. But this defect is removed 
by having an index or ruler-fitted to the quadrant ; one end of it moving 


round the center to which the horizon vane is fixed, and the other carry- 
ing the fight vane along the arch. By this contrivance the fight vane may 
| be readily raiſed higher, or lowered, by the motion HE my index about 1ts 
e008; without * the inſtrument om the by pat PEAR 


— . 


| p . ' 
. n n 1 n nnn * nn 1 4 "OY 1 _ 46k 73 26d 
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* This APs 1s given. by 0 writers; does the 3 of - 


dow caſt by the ſun is penumbral, too faint at the very extremity to be per- 
ceptible, and ſo nearly dark before it is really ſo, that the limit of the pen- 


-umbra cannot be diſtinguiſhed, it is obvious that it cannot be proper for 
practice, where the obſerver muſt neceſſarily take the middle between che 


two: FO muſt nnn. be owed 32 the Sun 5 ſemi- diameter. 


„„ o. There 


1 
Pa 3 M4 +2. 
"3x 


4 "oh 
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| Book IX. | FATS; WORKS. > 1.1. 


40. There is MELO, nn pent, called a Fox E STArr, or Cross 
STAFF, that has been long uſed at Tea for taking the altitudes of celeſ- 
dial objects, particularly the ſtars. In uſing this inflrument the obſerver 


holds one end of the ſtaff, which is a three-feet rod, cloſe to one ſide of his 
: Be 2 and flides a tranſum br croſs piece, which is in an upright poſition, 
"A 


ong the ſtaff, until one end of the croſs touches the ſtar, and the other 


i end the horizon at the ſame time; then the diviſi ion of the ſtaff, which 


the croſs ſtands againſt, is the altitude, But the many inconveniencies 
which attend the uſe pf the croſs- ſtaff, make it now of little note, eſpe- 


cially fince the uſe of Hadley's quadrant i is become more general ; as this. 


inſtrument far ſurpaſſes all others for obſerving' Aae and diſtances of 5 


oak N ns! at Leaf W in eaſe _ eursey. 


x 


OO TEENS "Of flapuny's Quaprane, 


| 1 oh i 22 "The Deſcription and UF. 5 . XIV. Fi ig. I, 


This inſtrument conſiſts of the following parts: 
I. The arch Bc, which is generally an octant, or eighth LIN N a Cite 
but is more uſeful when f is a ſextant, or ſixth Hee) of: a FAO. 
1 The index , with its Vernier 8 ſale. p 
1 The ſpeculum B. 
Two horizon glaſles, 7 and G, with their ahjuſters, 
; I Two ſkreens, x,, K. | 
TY Two WE Vanes, , I. 


+. Of the Oe. 2 


The at l of the two radius's or bars AB, 5 the arch or : 
- Jimb: BC; and the two braces, L, My which are to ſtrengthen and pre- 
yent it from warping. Although the arch contains only the eighth part 
of the Eireumference of a circle, or 45 degrees, it is divided into go pri- 


mary diviſions, each of which ſtands for a degree; they are-numbered . 


o, IO, 20, 30, Sc. to 90, beginning at each end of the arch for the 
convenience of numbering both ways, either for altitudes or zenith diſ- 
tances. Every degree is ſubdivided into two or three parts, and theſe 
b into ſingle 1 acme either by en or ee 8 e which | 
18 Kier, E | 


'S® # 4 


f „ 1 N - 7 b oy # y 4 
420 A f 5 :% ! + 


1 


II. Of the 1 . e 


"The ates D is a a flat ws 3 round the center of the 6 
that part of the index which flides over the graduated arch Bc, has either 


A ſharp edge to cut che diagonal diviſions, W en the limb 18 fo divided, or 


_ has. Vernier's ſcale on it. 


From the bottom of the index a piece of 9 tuting- up againſt the back 
ol the inſtrument,. WI . in 55 1 to IN the, index againſt 


n aer TIEN "8 1 8 
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When the index i is- wad along the arch, 1 it. ſhould be taken hold of by 

the bottom part, and not by the middle. 

8 rinciples, upon which the e ſcale depends, were bew in 
ak Art, 2193 but it may be proper to add ſome general directions 

L — . which learners mh be! 2 10 weren and 


migen eee the inden. 15 
| he generality of Hadley $ 3 ire — 85 1 5s or 18 inches. xad lis, 
and haye each degree on its limb divided into three parts, of, 20 minutes 
each. The breadth of the Vernier's ſcale. is therefore equal to 1 8 rag 
un 


55 grees; - and as theſe ſeven degrees are divided i into 21 parts on the 


* 


*% 


L}#H 


each of 29, minutes; the ſcale; is divided into 20-equal parts: or 
que ntly each diviſion on the ſcale is larger than each diviſion; op the limb. 


by zoth part of a diviſion on the limb, or zbth of 20 minutes; that is, 


each diviſion on the ſcale exceeds each on the limb by minute of a de-. 


gree: conſequently, if any one diviſion of the Vernier's ſcale ſtands againſt 
one of the diviſions on the limb, no other ee on the ſcale can coin- 
cide with a diviſion on the limb. 

Now the middle line of the inden 5. which is. the moyeable. radius of 
the quadrant, i is the index, or pointer, of the Verniex's ſcale, and is uſually 


its middle line; there being 10 diviſions, or minutes, on each tide, n um- 


bered 5, 10, to the Tight, and 15, 10, to the left; that is, the 15 10 
minutes of the ſcale is reckoned in order from the middle line or index to 
the right; and the latter 10 minutes is to be reckoned from the left-hand 
end of the ſcale toward the "_ and ends at the middle line, where the 
others began. 

Suppole the middle Une, or ingex of the e ſtood againſt 485, and 
ſomewhat more than one ſubdiviſion on the arch of the inſtrument. 'Exa- 
mine, firſt towards the right hand of the ſcale, if any of its diviſions ſtand 

- againſt x diviſion on the arch; and ſuppoſe that the 7th diviſion from the 


| _ one is found to do 10, theſe ſeven muſt be added to what the 
middle line on the Vernier 00d beyond on the arch] that is, to 487%, or 


1 20% and the Whole will be '48* 27” that the index of the inſtrüment 
ſtood at on the arch. But if none of zo right-hand diviſions ftahd agatnft © 

a diviſion on the arch, examine thoſe on the left-hand, beginning at the 
extreme one, and proceed ing toward che middle; and Jet the 16th di- 
viſion be that which 'coincides with a diviſion on te limb (for ſome one 
will); then theſe 16 added to 489 20“ make 48 367 for what the index 
ſtood at. A magnifying glaſs, or double convex lens of a ſhort focus, 


will affiſt the obſerver in diſtinguiſhing that diviſion nde Vernier Wich 
coineiges hk or reg againſt a diviſion on the chte A5 y NT LEG 


"Fi 2 * od a4 5 
{1 4 4 * . 4 


1 11 10 1 * 


The 5 is a ws piece of glaſs, 19 wered bg Ge lte a 


common Jooking-glaſs, 925 fixed-to the index Fir means af a 185 170 
ing nearly wich the firſt 


directly cover the Center of it; its ſurf ace COIHCi 
Gifs of. e N ang, exa 1e ws : Nr of the in- 


ſtrument. F en of its tur face myſt. therefore er as the inden 
tuts on j 


The 12 75 the f pecülum is af rec efve the M7 from owe odſery a,” 
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Iv. Of the Horizon Glaſs 


| Theſe are ſmall pieces of looking-glaſs placed on one of the radii, the 
face of one of them being parallel, and mat of the other perpendicular 
to the ſpeculum when the index {lands at o; they receive the reflected 


rays of obſerved objects from the ſpeculumy and tranſmit them to the eye | 


of the obſerver, 
The glaſs x has only its lower part quickſilvered, and ſet in braſs work: 


the upper pay being left tranſparent, that Weder, may be ſeen through 


K. * 5 
In the middle of the laß o is Aa tranſparent flip, through whi ch the = 


4 horizort is to be 


Both of theſe pea] S aur u & hay their polictdtatee truly 


va their WT at the back, ſhould the frame of the' Inſtrument be 4 


; „ Os 4 
>" "3 EE. 


v. Of the . - 3 
Theſe are two pieces of coloured glaſs ſet in frames, to prevent A T 


15 Sun's rays from hurting the eye during the time of obſervation. When 


they are uſed with the glaſs F, they are to be where the figure ſhews © 
them; but ee with the cone Gy 2 are to oy ſet at their hole r_ 


| above 0. 


tle SITE Ber . f the Siehe 0 . | 
That at H is bs 55 70 glaſs G in back obſervations : = the fi ehe | 


vane 1, Which has two holes, is uſed with the glaſs F in fore obſer- 55 
vations. 7 


For with this e an obſervation may be made with the face 
turned from the object, which is called a back obſervation; or with the 


FR 


face turned towar the object, which is called a fore obſervation: but 
before any obſervation is W the inſtrument "_ be e 


to 11 11171 is fit we us. . 


„ 15 7 0 9 or hu Had s. Quadrant, F bats 11 


| Po 1 1 1 Fur the Are Obſervation. 


Bring TY ien p cloſe to the button J, that the idle of the Ver. 


RES nier's ſcale may ſtand againſt o degrees. Hold the plane of the inftru- 


ment vertical with the arch downward ; look through the right-hand 


hole in the vane 1, and dire& the ſight. through the tranſparent part of the 


glaſs E to the horizon. Now if the horizon line, ſeen both in the quick- 
lvered part, and through the tranſparent part, ſhould coincide, or make 
one ſtraight lige, the glaſs F is truly adjuſted. But if one of the horizon 


lines ſtand above the other, flacken the ſcrew.in the middle of the lever, 
behind the glas k, and turn the ſcrew at che end of the lever back- 
ward or forward, as there is occaſion, until the horizon lines co- 
incide; ſaſten the ferew i in the middle 9 the levent and YER hes horizon | 

5 5 „ | tte on 


Ww 4%. Aa ＋ 2 - A AY x 
#4 1 x 6 4% 37 4 FI D'S 410 3 % 4 * d N 1 
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43. I. . Por the back Ohe vori y. 


> 1281 51 POM bon. one fide, find the of the horizon on; 
height above the water: in the Aa t (48, 55.) And ſet e 
the i D as APY Weh efore 5 degrees, as. there are in twice 
that. pen > | 9 . 85 plane of the inſtrument. werden with the arch 
ee ee Jook through t the hole in the. vane H, 00 . the horiz n 
Uu n N 8 gh the e e ſlit in the glaſs 0, coincide with the 
5 the horizon ſeen, in the duick a part gf, the ſame. bk. 
* Hen - the glaſs. 6 is in its proper poſition. If 1 ON the ſcrew 
92 in dhe middle of the lever, behind the glaſs G, and, logking through 
e 


955 vane H as beſork, turn the ſcrew at the end © e lever back- 
Ward or d As. it 12 9 1 unde the, horizo bon. 1 coinęide; 
then vg tigh Shten 


3 


mid re w and 15 adjuſtef.:; In ſetting thi 
_ glaſs by the oppoſite 5 555 the head a0 ol be held 51 Ra dae Ip 
not to intercept the light from behind. The horizon ſeen from be. 
hind will be inverted ;. that is, tie watef will” appear above, and the ſky 
pelow; if the two e Wende one e the inſtrument s not 
i Eh bh 


| | . 11 8 ow" Fo oi 7 * r a7; re 1 V pt 
. hs 7 A * vis 7 2: & : 
8 0 8 | 5 et ds Pete's adrant. 


ah od [og 5 the fore Obſervation. a to 
"on Fix the ſkrevte K . horizon glaſs· , uſing either or both of 
them, according to the ſtrength of the Sun's rays, by turning one or 
both of the frames of theſe.glailds cloſe againſt the; plane or face of the 
 inftrument; then the face being turned towards the an hold the qua- 
drant by the braces 1, M, onicby either radius, as is found moſt conve- 
nient, ſo as to be in a vertical polition-with the arch downward; put 
the eye cloſe to the left-hand hole in the vane 15 look at the, horizon 
through the tranſparent part of the horizon glaſs E 3: at the, ſame time, 
move the index p with the left-hand, until the image of the Sun, ſeen in 
the quickſilvered part, falls in with the live of the horizan, taking either 
the upper or under edge of the ſolar image. Swing your body gently 


| from fide to fide, and if that edge of the Sun which is obſerved touch the 


Horizon line like a tangent, without cutting it, the obſervation- is well 
made: and the degrees on the arch, reckoned from that end next your 


0 body, give the dee that ad edge of. the WP which was brought to the 
borizon. 


If the lower edge was obſerved, then 76 minutes added to the faid de- 
grees, give the altitude of the Sun's center; Rae if wy. As edge Was 


„ AED INE 
„% 1 a Digi 3 5 {FO 


Put the . of the ſkreens k into the hole next 8 0, 
wks them as before faid, according to the ſtrength of the Sun's. rays. 
Then che baek being turned te the Sun, hold the inſtrument by the 
radius C and brace: — in a vertical poſition with: the arch downward:; 
"pit the 1 14 105 0 * oh A; * ve: mph look ** 9 
ou SHY n & - n r ſbeoug 


way” 
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| throup in che tranſparent flit in the glaſs 6 with the right-hand move 
= the 5 5 D, until the image of the Sun, ſeen in the quickfilvered part 
* of the .glab ©, ſtands in the horizon line, ſeen through. the tranſ- 
—  _ parentflit, uſing either the upper or under edge of the Sun, as is moſt 
{; <onvenient.. Swing your body gently to the right and left, to try if 
the Sun's edge runs Long the horizon; if it does, the obſervation is 
well made, and the degrees reckoned from that end of the arch fartheſt 
frtom your body, will give. hy altitude of that 1 the Sun which' Was 
obſerved. 
Ik the Sun's fades edge was . then 6 minutes ſubtrated from 
the aid degrees, will: give the altitude of the Sun's center; but if the u 
r edge was obſerved, then 16 minutes are to be added. 5 
In either of theſe obſervations; if the altitude of the center could beo 
. ferved, there weuld then be no need of uſing the 16 minute. 
46. The fore obſervation is rather moſt convenient, eſpecially in great 5 
altitudes; becauſe there is a much larger ſcope above and below the alti- 
tude wanted, than there is in the back obſervation, which, on account 
of the obliquity of the ſpeculum and horizon glaſs, is more contradted in 
its uſe, ' And indeed the back obſervations. need never be uſed: for the 
Sun, when there is a Clear horizon forward, or under the Sun: when 
4 this is hazy and ill defined, it is beſt to uſe the back obſervation, if the 
£74 horizon is clear that way; it is proper, therefore, that the horizon glaſs 6 
4 . ſhould be always in readineſs, by having it well adjuſted ; and becauſe 


= the former method is not readily attained BY its, 5 anyone we Ons Rus: 
8 _ another ſomenhat more e 8 g's 
Ren 47: | 1 way to adult for the 001 Yr vi . 
= Take . Attacke of the lower edge of the Sun by the. fore ruten, 
Wy as near to noon as can be; then put the ſkreens into the hole near the 
* vane n, and turning your back to the Sun, and holding the inſtrument 


= B taking care not to move the index, look for the horizon line 
= through the "tranſparent ſlit of the glaſs G; and if the horizon line 
touches the upper edge of the Sun's image in the glaſs 6, it is properly 
adjuſted : if they do not touch, turn the Vat by the lever behind it, all 
che doe 

This operation miſt be gone quickly, before the Cun ſenſi bly alters i in 
Miſvide; ; and may be OY e to make the fore and we 25 
ſeryations A8fee. | 
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* 


10 * Lack diregly up at the ſtar through the vane 1, ”_ gt part 
= a iS the glaſs u, the index p being cloſè to the button 5; then will the 


image of the ſtar, by reflection, be ſeen in the filvered part right againſt 
dhe ſtar, ſeen throug h the other part. Move the index forward, and as 
the image descende turn the quadrant round its center, keeping it all 
"the time ina "ore n _ the image of the _ on the ſilvered 

"Pare | 


„ 
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part of thi horizon glaſs, till it comes down to the hiv ſeen oak 
_ the: tranſparent part; J and the obſervation i is made. 
D Sein ann ky 

49. If che altitude of the ae fo pretty dent ls iid! BY ben: 
that wanted may appear by reflection from the great ſpeculum, on the 
horizon glaſs c; theſe will dance with the motion of the inſtrument, but 
the true ſtar will remain at reſt about the middle of the 5 and * the 
oldets cannot be miſtaken for it. 

Fot the principles of the conſtruction ge the Appendix. 
39119 agb | 


42801. Hadle . eee within a fore years paſt, having Wadi lies 


'S 


to take the obſervations neceſſary for finding the longitude at ſea, it has 


been found that ſuch obſervations required a degree of accuracy, of which 
the inſtruments conſtructed in the common way were not capable: and 
{mariners having complained of theſe defects, different workmen 
habe applied ſundry artieles to the quadrants to ware the i eee 
complained of; ſome of which follow. 5 

At. A ſcrew to the lower end of the index, to regulate its mgton_ 
_ when! brought by the hand to a diviſion ſhewing nearly the contact re- 
quired; a magnifying glaſs to read off the diviſions ſhewn on the 


limb by che Vernier: 


dad. A ſmall tube, or teleſcope, inſtead of the ſight vanes,. to direct the 
line of fight parallel to the plane of the quadrant; which tube, is to be 
ſerewed into a ring fixed to a ſquare ſtem that ſlides in the ſocket: made 
for the ſight-vane, and by the help of a ſcrew at the back of the quadrant 
this ſtem may be raiſed or lowered, ſo as to move the axis of the tele- 
ſcope to point to any pact. of the horizon es: which 1 is Judged fitteſt Nu 

the obſervation. 
75 i arch has alſo boon extended from an oQant toa ſoxtant, or 
art of a circle; by which means angles exceeding 90 degrees 


= 1555 obferved; and ſuch angles are often wanted in taking the angular 


_ diſtance between the Moon and Sun, or Moon and Star. Alſo, for the 
convenience of holding the inſtrument eaſily in ſuch obſervations, A ſtout 
handle is fixed to the back, which is a very neceſſary addition. 

Ath, The ſpeculum being liable, in the. ordinary way of fitting. it, to be 
bent; and conſequently the ſame obſervation would have different mea- 
_ ſures, according as the object happened to be reflected from different parts 
of che ſpeculum; this has been lately rectified by a new MAKNET of As 
bs ſp lam in its frame. 

A new method of adjuſting the glaſſes for the bart enen 

- lately been diſcovered, yery e, in principle, and ready in prac- 
tice,” by the ingenious Mr. Peter Dolland, Optician to his Majeſty; 
Who alſo thought of the method of preventing the. index ſpeculum from 
Wot bent in its frame. By his ad} re tet angles of any magnitude 
under 180 degrees may be taken; + the fore obſervation all under 
_ TI a ſextant; and by the back o ſervation, all between 8 _ 
180 degrees. 10 

6th: Although Mr. Hadley * ficſt Grected that the: ng of debe 
| ſhould be parallel to the . of the inſtrument ; and. for placing and 
preſerving it .ſo;* propoſed, that two parallel wires ſhould be fixed in 
W 


„ 


\ 


. ag 
td of che objects ſhould be obſerved. in the middle between the two 


wires; yet theſe circumſtances not being ſufficiently attended to, the two 
parallel wires had been neglected in fabricating the inſtrument; theſe two 
parallel wires are now replaced in the focus of the eye-glaſs, fo as to di- 
vide the diameter of the field of view into three equal parts; and when 
the teleſcope is adjuſted parallel to the plane of the inſtrument, it will re- 


: * 


main fo during the obſer vation. N 1 
th. As every glaſs mirror has two reflections, viz. one from the face, 
5 and one from the ſilvered back ſurface, theſe double reflections cauſe. not 
only ſome confuſions among the reflected rays, but confiderable errors 
in the obſervations, if the face and back of the glaſs be not parallel 
planes: and as none of theſe can happen from a plane mirror which has 
ut one. refletion, the upper part of the index ſpeculum is now. made 
with its back rough ground and blacked; by this means the rays only 
which fall on its face will be reflected; and theſe are found ſufficient 
v hen the object obſerved is e 3 but when it is otherwiſe, 
the object may be obſerved from the lower part of the ſpeculum, which is 
ſilvered; the line limiting theſe two parts is parallel to the plane. of the 
| quadrant, Theſe two improvements were directed by the Rey. Dr. Maf- 
Fel ne, Aſtronomer Royal. %%%%%ͥͤĩò ] 7 Ge RUN IIEETO.. iÞ Dok bie 
' he methods, by which theſe ſeveral adjuſtments are to be made, to- 
- gether with ſome other particulars relating to the uſe of the inſtrument, 
are fully treated of in the book which accompanies the ſale of Mr. Dol- 
%% ᷣ ᷣ ᷣ VVV 


1985 vi : 


* * 
* * 


5J. 270 make an Artificial Horizon, | 

One great inconvenience that mariners have to ſtruggle with at ſea, is 

the frequent want of an horizon, For though the atmoſphere may. be | 

clear enough to give a view of the Sun of other bjects, at the height of 

10 or 12 degrees and upwards, yet all below that height is often ſo hazy. 

as to hinder a diſtin fight of the horizon; and conſequently an obſerva- 

tion made at ſuch a time cannot have the deſired correctneſs. And al- 

though water in a veſſel will have its ſurface horizontal, and an obſerva f 

vation may be made on the image of the Sun, ſeen in it when that water e 

is perfectly ſtill, yet the tremulous motion of its ſurface, from the leaſt. 5 

wind or motion of the ſhip, prevents this expedient from being generally 20 

uſed at ſea; and therefore many methods have been propoſed ;. among : 

which 22 whirling Speculum, or Top, was, for a while, thought a | 
proper inſtrument, but it has been found imperfect. ' Some artiſts uſe the 

following method: © , td Le OC NR Iee 

Into a wooden, or iron, circular box, of about 24 or 3 inches diameter, 

and about ; inch deep, pour about a pound or more of quickſilver; and on 

this lay a metal ſpeculum, or piece of plain glaſs, the diameter of which 
is about 4 of an inch leſs than that of the box; this will float in the quick- 

 filver, and ſhew the image of the Sun very ſteady. This apparatus being 

flung in imbals will preſerve a tolerable good horizon. 


The ſpeculum, or glaſs, ſhould be homogeneous, and have parallel 3 

| ſides. here are ſome workmen, who can work the two planes of a2 1 

piece of glaſs, ſo that they ſhould be demonſtratively parallel. I 

53 Mi, (9248: JFGCCCͤĩ²¹u ] ELLE F994 8 . TX © 7 0 Þ 

yyy +208 39" 304.9 wp we Sang Dern N 
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Or the "ou Curface of the quieklilrer wil do of itſelf, when the motion 

is not great. 

In all ohfervarions trade with theſe artificial horigens, a piece of CO» 

loured glaſs ſhould be fixed before the, fi 8 oe to fr eng =o 2 hobo 4857 

— ſkreens K may be taken off. A 


' Corre#ions of the read or 1 3 iis 


_ obſervations: of the Sun, it is uſual to obſerve his upper or 43 ee 
po to which his ſemidiameter being applied, gives the apparent place 
of the center. For this purpoſe, among the tables, page 255, is one ſhew- 
ing the Sun's ſemidiameter for every ten days throughout the year; as 
this is-conſtantly altering with his diſtance from the Earth: : but it is ge? 
9 reckoned den accurate to allow: 16 8 for the Suey 
* ferbinimoreyc. 9 4 


madly 


— 


Every altiude Wes tt fox weft be eorcithed > two correftions are 
| common * the enger of every object and three to the e 1 


1 505 | "17 "The Die oF "TBE. Hokizox. | 1 
The bees. oye being raiſed above the-level. of the ſea, he Sus an 1 
boffgon below the level of the true one; and conſequently the infirument | E 
_ gives:an- altitude too great, when a fore obſervation is uſed; and too 
| knall, unh a back obſervation, unleſs the latter of, the two. methods for 
adjuſting the back horizon glaſs be uſed. 
As this error depends on the height of the 2 above. the. water, *Y 
that on the ſize of the ſhip; a table of theſe corrections to different ele- 
vations has been computed and inſerted for ready uſe. The principles 


upon which theſe et te 22 are 7 8 in wm 4 . to * 
"TA Book s e 


- — 4 


33. 3 Nu R 1 FR ACT SOM” bn ods 
"The vapours in « the atmoſphere cauſe celeſtial objects to pet lier 
or with greater altitudes, than they really have. Theſe refractions, which 
ate greateſt at the horizon, and diminiſh in quantity as the altitudes in- 
exeaſe, have been collected by eminent aſtronomers, and are here dif- 
_ poſed of in the following table ; the apparent altitude, above the true hori- 
- 20n, is to be diminiſhed by the quantity of the N on 19555 2 8 M . 
3 For n ſee the Appendix. i 
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* „ 18. PARALLAX:. „ 5 
3 the 1 TIER of parallas, at Art. 66. B. V. it is 1 . 
- ths Moon, when ſeen at the fame time from the ſurface and center of 
the Earth, will not appear in the ſame place in the heavensy and this 
_ ariſes from the ſemidiameter of the earth bearing a ſenſible proportion 

0 the diſtance between the Earth and Moon, which on a mean is about 
25s a quantity that conſiderably affects the obſervations on that planet; 

| Err allowed for. But the diſtance of the Moon from 

the Earth vonſtantly altering, between the Apogee and Perigee, the 
be alſo will be continually altering. The Moon's horizontal paral- 9 
which lies between the limits of · 53 minutes and 62 min. is given 1 
in 2 Nane * 8 13 W r the kk : at 
=_ 


a . „ 
5 . 12 4: * : : 1 8 1 * 
. 5 0 v % a . 
{ 
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- which . "1 RN her. parallax to every two degrees of altitude, and 
every minute of horizontal, perallax, may be found in the following table: 


35. Tanrzs for . the obſerved. Hrn, of ei. 


vp '*wy 8 .. OsJecrs. bo 8 2 X "BY % PY 
The ſemi-dlam. aft T Dip. of | Refractions of the Sun, Moon, and Stars i in 
the Sun. Horizon. | i Altitude. 
ip Son's Day — * Reer en 
4 App. Ap 
EY ſemi- ef an' Refe . mat x 
2 diam. FRE Lk : or. 1 Alte ; i | hp RB, 
r S. feet. M. S.\| | M. 8 Degs. M. 8. Deg. 4 
1 19] 218 35] 36 13 17 $ 
16 2417 3 304 38 ke 
11 36] 18 =", $4} 2 
13 6 19 [2.44] 3 
I 2042.35 ; 
10-48] 21 2 27 12 
9 54 22 2 20 41 
| 2 «SF. 3+ 01: 14S $8; 
| 24 12 71 8 x 
17 "ay 1s of 
6 27 1 51 As 
* 28 2 47] 97 ; 
15 14 29 f 42 : 
4 47] 30 ] 33 
14 31 [1 35 
8 13 4 33 f 28 | 
4 wy 1 4 | 13 39] 34 J 24} 53 : 
n 6 1 8 * A r_ N 
Taerse of the Moo 8 PARALLAX in ALTITUDE, . 5 
— Sd 
Hala parallaxes. . Horizontal parallaxes. of the 55 Hz © 
IR 1 55 1 e wy ü femi-diam. | 
"TT deed * f SZ Moon's Avg. 
$41551591$7159159/60 ae. diam, . 
+ 0 os ; y / * 4 1 * 
' | 23 — 9 CARTE} C0. RR. 2 
55136157|3F59|Go[61i62 54 | 
153154$5515$157153[59 Sb ing ; | 
52153|$41$5156157158 {20.54 Ht 4 
$115215 3154455150157 7 Thi: 46h , 
$315215 315455156157 20.1. © 4 
50511521 55]54155156 Tn RG by 4 
Opal 315415455 FF 0 5 F f 
50652535455 3319 of 
S49595115215315415515%57 01 92.4487 4. une | 
4714849150/5115215 3/5415 5056; 0921 22 — 2 E 4 
43149149]5<\51152153154\5 5) * | 42 455 | 
48148 91595. 43 > | 
4714 4014.91.50 14 0 4 
Cera 2 | 
44 +414 464748 15 | 4 
4314414 5146146 16. | 
1055 4214 ; 4 ! | 
39.40|41142142/4.3/4; 46 1 
$39140[40141|42/4.2 1 16 
738039 
6057 37.28 595 1 | 
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0, Comparing and * orreBling Time. 


SY %%% SLOBLEM- i: 


Gives the 3 account of the ſhip's langitude from Londen to — 
5 2 eee times at OR 0 a — at nga 

Int he ith & time by 8 e from the preceding noon; 7 

tum the degrees 3 in the difference of longitude into time. (V.1 33) 


I. Then eaſt diff. long. in time, ſubtraQted from the thip 5 time, gives 
Lend. time, P. M. from the noon uſed. 
And eaſt diff. longitude in time, added to Loan eme, gives ll 


time, P. M. from the noon uſed, _ . 
Note, If it be neceſſary to borrow : 24%, the London time will be on 


- the day y receding the given one. 
'Or, i Sun exceed 5 9 excels above PAT is the e s time on 
the following day. . % 


. Weſt diff. longitude i in time, added to the thip's 8 ume, gives 5 Lond. 
time, for the noon uſed. 


Or, The exceſs above 240, f is Labs. time on the following day. | 

And weſt. diff. long. in time, fubtracted from Lond. time, gives the 
mhip's time from * non 2 1 ; of oy 42 . —__ if ql 2 were 
borrowed. 4 ENS 


ich — 
* - 


x | ENA 8 
| What 2 time 3 % II. When it is 8 0 7 clock in the morn- 
*s noon, at a 22 4 muy; to theſi ing at London, what is the ans. 

hs Rooks Mine views ata ſhip 4h. to the raed Sh 


o 4 Þ 


* 
. 


—4 . 


Here ſhip's time is mY from | pre- Here 8 o'clock: morning, is 20 


„ noon. p. M. from noon of preceding day. 


Then 24\—4= 20 p. M. Lon-| „ Then, 206 P. M. TA 2 Po 
don time, on the day before! ſthip's time. It 
Or, Ship's noon anſwers. to 8] Or, 8 o'clock in the mornin 
0 'clock mn at London. e |Lonton were to: nod in the 


* 
2 
Win Þ 
5 2 


at 


* 


I. What London time is it, lil! IV. When it is l p. Me. . 


11 noon at 5. the dl ge * 
128. Ys 1. eee ris 1 *. 


= 3 « LL ani 3 * 


ie ht 


LT + ene 5 P. 1. — f. W.= 050 Pp. M. or 


| lein inthe il . 
ä V. Hb. 
1 4 : * k : 8 11 " Wi, . ka O . 3 > 20 
3 | \ ; . 4 1 g = } | 4 * 1 L RF i - 1 
bg * 1. S 8 e V * f " 
: 4 2 Re 
3 e „ N STIR * * 0 
LS 
; 2” 8 
. | | * 
* of 


Book IX. 


— 


25. 38m. P. M at Ty” 2.2 deg. to 
the ea of London? 


22* E. makes 10. 28s, 133) f 
18 


Then 2 38 P. . 
=I 10 p. . at London. 


VII. Phat time is it at Londen, | 
when a ſhip 40% V. of London reckons 


it 3h, 20m. P. M. 


40 W. = yon W. (v. W 


Then 3 20 P. M. T 2 40=. 


= om P. M. London. 


IX. What London time anſioers 1% 


5b. 26m. P. Al. at Les 120* E. 1 
London? 


120 E. makes 8b. E. 
Then 200 26 P. M rd E. 210 


26 P. M. the preceding day. 


Or, gf 26® in the morn, at Lond. 


XI. What London . anſwers to ; 


h, 42m. P. M. in a fi 1100 *. 
Hate, ? 7 4 


5 110 W. gn 20% W. 1 PE. 
Then 5˙ 42 P. M. +7> 20 W. 
13 zu P. M. Or ib 2® in hs 


: morning at London. | © 


KłIII. 4 bh 28% 30 F. of MT 
reckons 7 42 in the morning < e what]? 
hour is it at London? 


28* 30“ E. = IB 54 E. 

Then 19 42m P. M. _—_ 5g" E. 
82 4.8m TN, , 

Or, 48% after 5 in the morning. 


XV. What Te time anſwers tol 


65. 45m. in the morning at a 1 66⁰ 
M. of London? s 


66 W. 245 245 W. 
Then 18h 4 5 P. M. T 40 2% W. 
223⁰ 9* P. M. 


(v. 133) | 


AY. What London time anſwers tol VI. When it is 1h. 10m. P. M. at 


London, what time is it at a ſhip 22 E. 
lof London © | 


Then 1* 10 P. M. * = 


20 38a . M. at we ſhip. 
jd 


VIII. Then it is 7h. P. . „ 
don, what ſhip” s time is it 40” . of 


| London ? 


40 W. 2b 40 W. 
e _ 


X. When it is ok 26m. morning at 


London, what ſhip s time is it at 120? 
E. of London p 


120* E. ok vE, (V. Fm 


Then 21 20 P. M. +8' ES 


26 P. M. or 5 26 on the follow - 
8 day. 


of London, when it is 1h. 2m. in the 


morning at London? 
110 W.: 


= 50 42 P. M. ſhip. 


ing at London, what hour is it at a 
ſhip 28* 30“ E. 10 London? 

28301 E. 5 4 E. 

Then 17 1 — p. NI. +1 54" E. 
= koh 4 FP. M. ſhip. 

Or, 7 42¹⁰ in the morning. 


XVI. When it wants 51m, of noon. 


at a what hour i is it at a ſip 66 
W. of London? 


66 W 0 Ws 

Ten 23 qu P. — 2 W. 
= 18 45 P. M. 4 

Or, Time at the Nr is 6d 45* 


1 


Or, 11 9 in the morning at 


London. 


Vor. II. 8 Oe « X 


morning. 


{ 
9 


22 E. makes 1 28m, (V. TY 


(V. 133) $ 
Then oh] P. Miz" ww” W. * 


XII. What is it at 3 1105 17. | 


n 20 W. (V. 122} -. 
ben 13 2» P. M. — 7 20 W. 


XIV. When it ir 5h. 48m. morn- 


&VIL Wher: 


b 
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XVII. hen if is 4 26m. morn- 
ing, at a ſhip 98* 45, E. of Londen : 


. * 


| XVII. What hour is it at a fb * 
98% 5“ E. of London, when it is 9² 


* 
= I 
hb RES 


what hour is it there? 51m. P. M. at London ? 
g 98% E. = 3 5% E. . 98* 45 E. SU 355 . 
det e flo 35m E Then 9 41 FP. M. 1 60 35 E. 
= 51* r. M. at London. =16) 26 P. M. | 
| Or, 4 26* W at the ſhip. 
| 
lx, What 1 time Fea For; XX. When it is 95. 20m. P. A. - 2 
10 2 40m. morning, at a iP I 60® at London, what hour is it at a fp _ 
V. of London of 160* W. London? . Wi | 
*x60* W. =10Þ 40 W. 160˙ W. 0 4on W. 7 
Then 22 40 P. M. ＋ 10 40 Then 335 20m b. M. — 1 gem 85 
=33..20* P. M. org? 20 P.M.|W.=22% 40% ſhip; or, 10 40 7 
at Loon, on the follow ing day. morning at che hip, on che W | Fe 
ling day. | Th 
Theſs twenty examples Saad been introduced, becauſe experience hath * 


ſhewn that a variety is  neceflary to moſt beginners, 


;ö; n x a 
Te find the apparent time at ſea, and thereby - to regulate, or r compare, CY 7 8 
going of a watch, © > . 


; * By b Attitudes, v. 215, 297. ) 


The ſhip lying by, let the Sun's altitude be taken at any time in the 

forenoon, 3, 4, or 5 hours diſtant from noon, ſet down that time and al- 

titude. In the afternoon, wait until the Sun has the ſame altitude ex- 

actly (the index of the quadrant being already ſet to the morning alti- 

tude) and note down that time; then the half ſum of theſe two times is 

che apparent time ſhewn by the clock or e when the Sun was on 

the meridian of that place. 

If it were wanted to reduce the 3 time to mean time, 

Seek in the Nautical Almanack * for the given day, and take out the 

7 equation of time; which applied, as its title directs, to the apparent time, 
gives the mean time. Aſtronomical tables are uſually fitted to mean 
time. rs 8 

As it is pofible that an altitude taken =P morning cannot TO a 


_ Correſponding one in the evening by the interpoſition of clouds; it is x 
beſt to take ſeveral- in the forenoon; in order to have a greater proba- bk; 
bility of ſecuring a correſponding altitude in the afternoon; and if ſe- = 
veral obſervations of equal altitudes can be made on both ſides of the me- ” A 
ridian, it will be beft to find the noon to each Pair, and e a mean wv of 2 1 
all the noons thus found for the true one. | 
FA, The Nautical 3 N 1 — 5 the direction of * 1 
Commiſſioters of Longitude, which Almanack every ſkilful mariner ſhould _ 


| vary. with him at Sea. 


1 
8 


A SS ER - — * Ons” * R — — * . — A n 
+ 3 3 „ en, ICS "Ix 
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If equal altitndes are taken within ſix weeks or two months of an 


equinox, it will be proper to make an allowance for the change in the 


Sun's declination between the forenoon and afternoon obſervations, as is 


ſhewn in Book V. Articles 217, 297. f 0 


II there is reaſon to ſuſpect, that the watch gains or loſes conſiderably 


in a day, other ſets of obſervations ſhould be taken on ſucceſſive days, by 
which the daily variation of the watch may be found, and allowed for, 
c TC IST OVOT 09 IRKEIIEGSS [4 34% ' 1 N 0 


Exam. I. May 20th, 1772, « at]. Exam. II. March 18, 1772, be- 
d 40m forenaon, and at 5. Ibn ſing in latitude 49 N. at 80 10 580 
afternoon; by my watch, the Sun bad forenoon, and at 3 58 34% after- 
equal altitudes : required the going of neon, the Sun had equal altitudes : 


| the watch? 81 | How aid the watch go * ; 5 


7 
< 78 


Add together ee lee ee [Add together 22 on 0 
rd s | „„ , 10 48 
＋ 339 34 


— — — 


Take the balf ſun 23 56 [Take half e um 24 9 33 


e 4 7 + [4 
188 Si a $43 S $-+ £34} 
* * 4 Fi I; 3.4 : W465 - 43 * 1 # '% * 


++ 
2 
8 
O 


— — — 


— — — 


BY 4 | | : | 
Rem. noon by the watch =11 58 Gives the middle time 12 4 46 


Watch too flow 2 min. Noon by watch e 
. | — Apparent noon 12 0 0 


*. % 


| Watch too faſt ef 8 4 27 | 


Equal time ſubtr. 
Lore Na Pr; ”  ——-—) qua. time adi 8 4 


0 r To = LA L | . 
Mean noon, by watch 11 54 e 


. Mean noon, by watch 12.42 3 


II. By an obſervation of the Sun's altitude, 
2 21 . f ; 1 1 * i 


1ſt. At a convenient time take the altitude of the Sun's upper or lower 
limb, which correct for the ſemidiamieter, dip, and refraction z by which 
the correct zen. diſt. of the Sun's cehter-will be known. | 
2d, At the time of the obſervation find the Ship's lat.: long. by 
account; (VIII. 60) and correct the Sun's decl. for the day, vy the diff. 
of long. and time from noon; and thereby get the true polar diſtance. 
_ 3d. With the co-latit. polar-diſt. and zen. diſt, find the hour angles 
1 oy Wo 3 =. {V- $547; 


Which turned into time, ſhews the app. time when the obſer. was made. . 


5 III. By an obſervation of a Star's altitude. 


__ 


120 iſt; Correct the obſerved altitude by the dip and refraction. (55,) 


2d. Find the ſhip's latitude and longitude by account. VIII. 60.) 
34. Seek the Star's decl. or polar Gt. and its right aſcenſion, (V. 312.) 
Ich. With the co- lat. polar diſt. and zen. if. find the hour angle. 

: Tow" 5 1 ; | | | | n . by TS, (V+ 155.) 
„„ JIth. Apply 


DAYS 
5th. Apply the hour angle (in tim 
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it gi Sp the right aſcenſion of the mid-heaven. 
th. Find the Sun's right aſcenſion to the place and time. 
7th. The difference between the Sun's right aſcenſion and that of the 


WORKS, 


Bock IX. 
e) to the ſtar's right aſcenſion, and 


(V. 288.) 


mid-heaven is the apparent time of the are e Regulate the watch 


* the apparent time thus found. 


The logarithmic work for the Sus | in Art. 2d, or for the nr in Art. | 


3 may be performed by either of the following rules. 


Rur I. Let: the diff. between the co- lat. and polar diſt. be called n. 
Find the half ſum, and half diff. of the zen. diſt. and 5. | 


Then 
And 
\RuLe 1 


hour angle. 


ſum A. 


Then, 


To the ar. co. of the log 
Add the log. ſines of the ſaid half ſum and half diff. c 
Half the ſum of theſe four 1985. is the log. ſure of Z the 


. fines of the co-lat. and polar diſt. 


Add together the co- alt co-lat. and polar diſt. call the half 
| Det the diff. between the half dum A aa co-alt. be called p. 


To ar. co. of the log. ſines of the co-lat. and polar diſt. 
ö Add the log. fines of a and o. 
And Half the ſum of theſe 4 logs. i is the log. co-ſine. of 2 the 
5 hour ye. 
EXAMPLE 8. 


1 auuary 26, 1780, at 2 56 
A. by my watch, the true alt.| 4 


11. May 24th, 1780, being in lat. 
43* 16” NM. long. 237 30' E. at 7 162 u 


5 of js an $ center Was 944% the ſhip's] forenoon, the true alt. of the Sun's cen- 


lat. 51* 42' NM. long. 33 W. Reguir- 

eld the error of the watch : ? 

Time by watch 2 56 56% 
33% W. (V. 133.) 2 12 00 

Eſtim. time at Grenw.(57) 5 8 56 

Sun's dec. Jan. nd 18? 43” 24” 


Decr.ofdecl.in 5*g'(V.281) -'3 13 

Sun's decl. at 1 18 40 118. 
Add 2 90 d oo 
Polar diſtef i , 5 40 11 


Co-lat. 3 8“ ar. 45 log. line o, 20775 
Po. diſt. 108 108 40 ar. co. = fine 0,02 347 
1 CE Ren Re 
Co. alt. 80 n 
28838075719 log fine 9.98558 


8 54 (4 57 log: fine 8,93594 
- 2)19,15275|- 
22 9. bes. 50 9 825 
a 2. 


"44 i= 57 12” app. time. 15 


46. 


— 0 
N 


"Boi" 


Co. alt. 60%6' 


"0-0 16 watch 8 i 


ee vv by 20" "2; ww was 


the watch ? 


Time at thEſhip (May 23) 199 16 8 


Long. 239 30 E. (V. 133) 21 34 00 
Eſtim. time at Greenw. 17 42 30 


Sun's dec. May 23d. noon 20045 22 N. 
Incr, of decl. in 17 42” + 8 8 


Sun's decl. at fifip. 
Sun's polar diſtance 


my EW 


Co. lat. 46 44 ar. co. log. aue ,13777 


Po. diſt. 9? 6 ar. co. log. line en | 


Sum 176 46 1 * * 


Sum 88 10 fue 
Co. alt.60 *. | Fiz 25 9.99983 
Dit, 27.27 log. ane 9.66365 
| | OY. 2) 19,83084 
vis il 34 367 log. co. ſine 9.91542 


Me I 3 24 "30" 52” before noon. 


0 23 8 app. time. 
| 16 zo timebywatch. 
2a A 5 38watchtooſlow. 
| May 


1 


(V. 133.) 


20 53 30 N. E 


"Bf, 2 , 
* . 3 9 - * 
de, . 


A 
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"Mey 12th, s, at Fl in latitudi 205 117 N. long. 955 of IP. the true 


altitude of t the flar Antares was found to be 14 53 af F by a watch : 


What toas the error of that watch? 


| Rt. aſcen. 8 ol 16d 157 oof 
Long.95% 5'W. =(V. 133.) 6 20 20”, R. aſcen, Sun at noon | 0 


— c___ 


0 Antares ſouth nearly 12 56 28. 12 56 28 


Sum e. being W. „ 2? 16 48 gives incr, rt. aſc. ſubt. 3 10 


22 — 


Antares ER ditt. 7 g= 
Polar diſt. 115 56 
Co. latit. 60 49 


— — — 


Ar. co. log. ſin. 0,04609 | 
Ar. co. log. fin. 995595 


Sum © 251 52 
Half ſum 125 56 


e fins 5 0832 
Zenith. diſt, 75 7 9 


13 ſine 1 


— 


2)19,90273 i 


Difference 50 49 


'26 37 5 | log. eo. . fine 995136 
2: | 
E $5 14=q(V. 133.) 1 325 505 ſtar ſhort of meridian. 
| r 12 8 3 ſtar on the meridian. 


1 20 18 app. time. 
9 1 "$5 time by watch. 


19 17 watch too flow. 


Antares on the meridian at 12 T3 1 


8 E © x WP © 0 8 ©, 
59. 3 find the Latitude at Sea. 


Find the meridian altitude or zenith diſtance of the Sun or Star by 


Article 37, or 44, or 45, or 48, 49. 
As * corrections for the dip of the horizon, the reaction ig | 


Art. 52, 53, 55, and ſemi-diameter, if the object be the ſun. 


Seek the Sun's or Star's declination in the tables at Art. gog, 312, 
Book V.; or in the Nautical Almanack, obſerving to correct the Sun's. 


decl, for places more than 8* or 105 to the E. or W. of London, as at 
Art. 211, Book V. 

In Jatitudes near the poles, when FIR Suns dei radon extacds the co- 
latitude, the Sun does not then ſet; and therefore two altitudes may be 


taken on the meridian; the leaſt of which is called the altitude below the 


pole. The ſame may be underſtood of any other celeſtial ory which 
foes not ſet, | 5 
X 3 BN Let 


* p * A 


i Problem: 7 


6. Carell, 
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Let the declination and the Winde, or zenith diſtance, be always 
named either north or ſouth, according to the ſeaſon of the ear, and the 


| ſituation of the object; and When it ſo happens that either of them i is no- 
thing, it may then be named either north or ſouth at pleaſure. 


_ Theſe remarks being premiſed, all the varities of working a meridian 
obſervation for the ante are contained i in the ſolution of che cee 


F ' 4 423 2 1 q, 


$44, 


a PROBLEM I. 4 


- The diclinaion of the Sun or a Star, and alſo its correct meridian olti- 
tude, or zenith diſtance AE known 3 3 fo ; the latitude 2 6 the en, of ob- 


Falle | 


War THE Onyrer RISES AND SETS. mu! 


bo, Cs I. 7 the zen, dift. and decl, hed the fome n name. . 


RuLe, Their difference ſhews the latitude required. 
Like the declination, when it is greater than the veniin 1 3 but 


unlike, when it is in. | 


77 the zen. di ih. and del. have contrar y Names. 


Rvuts. Their ſum ſhews the latitude required. 
And is always like the declination. | 
When altitudes are given, take them from go for zenitl diſtances, 


. Wann" THE OnJzer DOES NOT SET. 


If the greateſt meridian altitude or zenith diſtance can be taken, the pre- 
ceding rules will ſerve ; but when the legf!, or bat below the pole, can only 


be talen: then | | | 
RuLE. To the meridian altitude below the pole, add the e 


tion, the ſum ſhe ws che latitude, of the fame” name with the declination. 


The demonſtrations of theſe aa will be ſhewn i in the A ppendix. 


EAM. I. The Sur's s ” meridional| Fa . Ihen the Sun 3 


75 zenith diſtance was obſerved to be 480 f the ſign Libra, his meridian altitude 


200  ſouthe erh, when he entered the ſign|was obſerved to be 53* 32 in the north. 
Aries: Required the lat. of the Mere? | bat i ts the latitude of that Place? 


| The zenith diſtance 486 20/ ; The oo ali ar zen. diſt, 36? 2 8 N. 
| Declination co oo S. 19 Declination 3 80 50 S. 


Lat. ſought © 48 20 IM | 


> 


Lat. pe, 207 $048 rl (6 1) 


48 „ | #7 g WS & & . = N * | ? * 1 — * 4 CS 4. 's — EW 
; 172 . . mi ITE ISL 30} 38% 343 i rad 


4 
My 
8 1 2 Fe " 
. x ou "2 1 44 
. nd "=" 1 2 1 4 * -S "ik ” 
3 - - . oY ” 4 ö ü : wie #5 4 * 
| Ex ; | 
: * I * * a 
— 2 o 
72 X AM. 
o ' a - ” 4 i 
—- 


8 Y po . . FA 


* 
5 5 * ——5 = Wo % . 5 8 * 
Dos. $40 er 8 - e „ o Ron MES 1 ” . ö N 
F A 0 a DN I ITT, AR as an, * — 
= 5 9 AT + , N — - 7 - . 


n 


x wy 


- 
* 
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„ _Exam, III. At ſea the Sun was 
obſerved in the zenith, when his decli- 


nation wes 22 00 N. 


Mpbat is the 
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0 Ex Au. IV. The Sun's merid. ze- 
nith diſtance was obſerved 21* o8' S. 
when his decl. was the ſame : Required 


_ latitude of that place? 05 [the latitude of the place of obſervation. 


oOo 00" N. 
22 10 N. 


22 10 N. (60) 


* — 


The zenith diſtance 
Declination _ 


Lat. ſou ght | 


Exam. V. The Sun was obſerved 

to be 47* 25 diſtant from the zenith 
in the ſouth, when his declination toas 
14 18” S. What is the lat. of the 
place of obſervation ® | 
The zenith diſtance 47 25" 8 
Declination 14 18 8. 


Lat. fought 33 07 N. (Go) 


„ 


EXAM. VII. When the Sun's de- 


clination-was 235 09' S. his meridian 
zenith diſtance was obſerved to be 8? 
25/ S. Required the latitude of the 
V Wy | 
The zenith diſtance 8 25'S. 
Declination 23 09 8. 


; Lat. ſought 


— — — — 


Exam. IX. The Sur's meridian 
zenith diſtance was obſerved to be J2* 
57/ S. when his declination was 10? 
38 Me What is the latitude of the 
place? Ying 


The zenith diſtance 329 go S. 
Declination 10 38N. 


Lat. ſought 43 35N. (61) 


Bog | iy 
Ex Abl. XI. Obſerved the meri- 
dian altitude of the flar Arfurus to 
. be 61® 14 S. . Required the latitude. 
Mer. zen. diſt, 280 46'S. : 
Art. deelin. 20 26N.(V.312) 


49 12 N. 


15 44 8 (60) 


* 


The zenith diſtance 21908 8. 
Declination 21 08.8. 
at. fought oo 00 S. (60) 


 .Exam, VI. The Sun's meridian 
altitude was obſerved to be 54* 27 
north, when his declination was 197 574 
north Required the latitude of the 


place, | 


| The co-alt. or zen. diſt. 359 33” N. 


Declination 


19 57 N. 


15 36 8. (60) 


— f —— 


Lat. ſought 


Exam. VIII. The Sun having 235 
11“ N. declination, his meridian alti- 
tude was found to be 79% 230 NV. 
Ii hat is the latitude of the place of 


obſer vation? 


The co-alt. or zen. diſt. 10 57/N, 


Declination 23 11 N. 


12 34 N. (60) 


Lat. ſought 


Ex AM. X. Suppoſe the meridian © 
altitude of the Sun was obſerved to be 
4.6? 14 N. when his decl. was 15 
38 8.: Required the latitude of the. 
Place. „„ 2 BE 
The co- alt. or zen. diſt. 41 46' N. 
Declination 17 38 8. 
1 Lat. ſought 59 24 S. (61) 


0 Ex Ax. XII. The altitude of the 


StarSyrius, when on the meridian, was 


24* 32/ S. + Required the latitude. 


Mer. zen. dift. 


65% 28'S. 
Syrius's declin, 


16 25 S.(V.312) 
Lat. required 49 03 N. | 


— 
- ” 


X4 


63- Examples 


(Y * 
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.. 6 3. Examples wherein the Nee Corrections are 
K introduced. 


I. By: a for Bervation, the alti- 
tude 3 Ap un*s lower edge was found, 
by : Hadley's quadrant, to be 40 20'S. 
when the declination was 99 560 N. 
the eye being 20 feet above the horizon : 
Oy ae _ latitude of that 2212 


| 1 alt. © lower eg 40 20/ 8. 


1. By a back oe ervation, with 
Hadley's quadrant, t 
tude o 74 the Sun's: lower edge was 2 55 | 


2 when. the declination toas 21? 


8 alt. O. Jowke edge TO 12 8. 


Semidiameter. Add 0 16 Semidiameter. SubtraQt 0 16 
Apparent altitude © center 40 36 | Apparent altitude © center 24 56 
Dip. of the heriz. Subtract o 4 Dip of the horizon. „ 
App. alt. cor. by the dip. 40 32 [App. alt. cor. by the dip 25 01 
Refraction. Auktract „ alten Subtra& O 2 
: True altitude © center =, 40 $3 + Ire altitude © center 24 59 
True zenith diſtance | 49 29 S. True zenith diſtance ON 65 1 8. 
Declination 9 56 N. Declination 21 148. 
Latitude (61) | 59 25 N. [Latitude ( 43 47 N. 


mn. 8 uppoſe an ee whoſe eye 
5 fert 2 — 1 ſhould find 


53-85 S. by the fore obſervation with| 
| 2 s quadrant : Required theo 
Jatituds of the place eff 1 +6 


A parent alt. of Sirius .$3* 35" 07'S. 

87 ot the horiz. Subt. 5 1 | 
b. Appar. alt. above hor. 53 29 40 

Refraction. Sabtract oO 0 40 
True altitude of Sirius 53 29 00. 


True zenith diſtance 


. 36 31 908. 
Sirins's decl. V. 18)”, 


16 25 08 8. 


Latitude (60) 20 5 52 N. 
% p g a | 
| POET e in try 


f oſe the meridian. altitude of Ardtu- 


ervation with Hadley's quadrant : 
7 hat latitude Was that ſhip in 4 


Arcturus's decl. (V. 312) 20 3 15 N. 


Latitude (61) - 49 12 31 N. 


a NES 
. 9 * 


Pa 


* Ip 


L Ra Al, 
p * 
7 * vx 
| | 3s 
N « - 
5 


I4' S. and the eye 30 feet above the 
| [horizon + In what- latitude Was that 
| HE varus made < * | 


9 


e apparent 3 


IV. In a ſbip where the eye of the 
obſerver i is 2.5 feet above the horizon, 
| bY een altitude of Sirius to be ſup 
oy ſhould be found b 1 21' F. by a back 


Appar. alt, of ArQurus 619 21' of 8. 
| Apparent zenith diſt. 28 39 0 
Dip of ne horiz. Add 4 46 
Zen. diſt. clear of the dip 28 43 46 
CO. Add © 0:36 
True zenith Jiflance 1 16 8. 
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V. May. 26, 1780, in longitude VI. June 12th, 1780, in a big 
67% 20'E. of London, and the eye 18 northern latitude, 83. of London, 
Feet high, the meridian altitude of the and the eye 20 feet high, the meridian 
Sun's lower limb was 26* 12'N. by a| altitude of the Sun's lower limb be.ow 


fore obſervation : Required the ſhip's 


latitude. 5 ſervarian: Required the latitude. 
Ship's time 24) O P. M. May 25. Ship's (me 12h O Pp. M. 
Lon. 67 30 E. 4 30 E. | Long. 83 W. = 5 40 W. 


p 
1 


Lond. time 19 30 P. M. 6d 30.X ; 


| . Lond. time 17. 40 P. M. M 
May 25, decl. 210019 N. diff. 10 18“ i 9 


— — 


Incr. of decl. 812 (V. 285) "rh 2, O decl.23 13 17 N. diff. 3 16. 
——— | Incr. of decl. 8 | 
At the ſhip 21 I4 31 N. dec). OS | x — | 
App. alt. © lower limb 26% 12' At the ſhip 23 15 45 N. deelin. 
 Semi-diameter _ 16 App. alt. © lower limb $8215'N. 
2 | dans Semidiameter + 16 


App. alt. © center 26 28 


Dip. on 18 feet — 4 ' App. alt, © center . 

| 5 — — Dip. on 20 feet 4. 
Refraction — 1 Ga. 55 

1 — Refraction —_. 6 1 

True alt. O center 26 22 05. | 3 5 — ook 
4 N — — [True alt. O center 8 20 42 N. 
Zenith diſt. 63 37 55 N.] O co-declination 56 44 15 N. 
Declination 21 14 31 N. | | — 
„ — I Latitude | 75 4 57N. 
Latitude „ 4 3 24'S | VO — 


This method of finding the latitude from the meridian altitude of a 
__ celeſtial object is the moſt eaſy, when it can be put in practice: but as 
that is not always the caſe at fea, the Problems in Section VI. Book V. 
were introduced to ſupply the defect; from whence it has been judged 
proper to deduce ſome of the following moſt practical methods. 


% 


PREPARATION. 


Take one, two, or more altitudes of the Sun in the forenodn, Carer | 


the time of each by a watch : if the meridian altitude cannot be obtaine 
take one, two, or more altitudes in the afternoon, noting alſo the times 
by the watch, 5 | 


Let the morning altitudes, if there are three, be taken at equal inter- 
yals of time, if poſſible; if not, let the afternoon obſervations be taken at 


the ſame altitudes with the morning ones. 

64. | PROMEE MOT eons 
When three zenith diftances between the limits 30 and 70 are taken 
zvithin an hour of noon, at equal intervals of time between 15 and 30 minntes. 

Cas I. If the firſt and third zenith diſtances are equal: 
Fourx. FF 


Ex au. 


\ 


the pole, was 8 15 N. by a fore ab- 


| 
; 


of the difference between it and the n ren diſtance; and the re- 


Then 89 51 —9 = 17 * the medien zenith diſtance: 
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Exaurlz. On a day do the Sun's declination was 18 34% N. fome 
tine near noon his zenith diſtance was s found” to be 32 29'S. 3 and 22 mi- 


utes after, the zenith diſtance was 32 11/ ; and 22 minutes afterwards the 
— zenith a: Uftance. as 8 Required the latitude of that Mace. 


"Here are equal n diſtances, at equal in of time from the 


middle obſervation; which therefore i is a meridian obſervation. 


Then 32 11'S, + 18? 34 N. 50 45, N. the latitude. 75000) 


. (65) Cas II. If the two firſt, or two laſt, wedith diſtances are equai, 
| that on the meridian falls between thoſe equal ones. 


Ruf k. From one of the equal zenith diſtances, take one eighth part 


mainder 1 IS' that on the meridian. 


4 


10 EXAMPLE. Within an hour if noon, and at n of 22 minutes by a 


watch, the following zenith diſtances were obſerved, viz. ft. 32* 50J'; 
2d. 32. 1 52 34. 32* 1 $2" ; Required the meridian zenith diflance. 
75 345 187 Lag. 35,17; its: 4,8“; chen 32? 48.8. za 2 


The meridian zenith diſtance i 22” It”. 


(66) Cat III. When the three zenith diſtances are all ar: 


"I the two firſt are ne. or two laſt deſcending, then noon "IIA in 
that interval whoſe two zenith diſtances are neareſt to equality. | 


Rur. Let the difference between the greate and middle be called A, 
+ 15 Sb 620th the difference between the firſt and laſt be called B. 


1 — 


el 75 | | whe difference between B and c- be called 9. 


Then E multiplied by itſelf, and the product divided! by four times , 
the quotient is a number of minutes, which ſubtract from the greateſt 


zenith diſtance leaves the meridian zenith * 


* 


Exams I. In north latitude, the Sun was thrice obſerved near noon, , when 


| the zenith di ifance and times by a watch were as fallow : 


* "At 11th. 27m. the zenith diflance=32* 515 
115. gm. the zenith diſtance 32 14, 
d. '12h. 15m, the zenith at flance=32 19. 


| nah the meridian zenith d tance. ths 


Tents andes iſt, 32 51/ | | 
CLONED 2d. 32 14 | A=37 . 
* 34. 32 19 32 e 84 o. 


ng 26118 % the correction. 


84 * 4 


ExAM, 


the difference between B and four times A be called c. 


„ 


. 
1 2 
1 

$207 
„ 
#8 


. * 
* — N 
4 —_— * 


e 
22 Ls.” * * 
* auth. «+ 2 
1 

n . 


8 
2 * ' - © 8 
* * n : - 
4 Fans 8 6 
K 5 # — ct 
* 4 . 4 2 ek I 
« p n > * * 
F 
2 2 N 2 9 —— * 


KA * 

* 3 —_— * To 

py Pants. 2 r 5 r — 2 wal. - ui > * 9 

FS * 3 . 2 : 2 2 1 7 "He 
* - — y * Sr 5 f * : 2 
r n Fs n . __— s p * EC We 89 „ 
2 2 Fi ap AS, __—— r Lo CR AY r - 2 1 2 
7 b 3 n ö * N ö S 
* " 2 $ J * 8 „ - 2 — * 1 
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Exam- II. 5 north latitude, three Meoaii, were mad of the Sun 
near noon, at equal intervals of time, viz, 
. At 11h, 2m. the zenith di Hance was 34? nt 


: | 110. 38m. | | 1 32 29, 
9 the meridian zenith diflance. e 
ere A= 62; B=102 3 c=146; D=44 e of 
d e 127/827 17 the correction. | * 
Then 34*11/— 2” | Y= 32* 10% is the meridian zenith n 


Ex AM. III. In the torrid z»ne, the Sun havins 19% 48 8. 'decd., three 
obſervations were taken at equal intervals of time. tear non, VIZ. 


At 10h. 5m. the zen. e Was 36 41 S. 


f 22 e Ree the latitude. 
z- Als 33 16 N Ne 

Here a=2* = 21355 235 e £2335 3 b 1303 

And c 1122253 4D= 520. Then- _ 52 216'=p 36% 


And 3641 3 39'/=30? 05/, the meridian-zenith diſtance. h 
Then 33% 05'—19% 48'=13® 17 N. the latitude ſought. ' (60.) 


Exam. IV. Ina low north latitude, the Sun having 13 24 8. declina- 
tion; when the watch ſhewed 11h. 4m. 126. 20m., and 12h. 58m. the 
Fe zenith diſtances were 43" 17 43* 23, and 54S I9 e 


Keguired the latitude. 


I Ih. 42m. zen, diſt. 43? 10 | = 2 o 2120. 
12 20 e 70 A1 56 =1406. 4A 464. 
1 of 15 10 e 344. 
JJ NE” an 4p=896. 
21, c 44h 5,07312|Greateſt zenith diſtance 4.5? 19“ 
L, 4D ſubtr. 896 2,9952310 Take the correction 2 12 
L, correction +I 32 212081 Meridian zenith diſtance 48 7 8. 
e — cation 14 248. 
] | kee (500 | 28 43N. 
| l 1 


67. (oe Uh. og "PROBLEM. m. | 
When three zenith diſtances, between the limits of 30® and 70 are taken 
within an hour and a half of noon, at unequal intervals of time. | 
RuLs 1ſt. Let the difference in minutes between the greateſt and 
middle zenith diſtances be called A; and the interval of time called a: 
the difference between the firſt. and laſt zenith diſtances be called B: and 
the correſponding interval of time called b. 


24, Let-the- -ffetence between. the products of A by b and B by a be 


taken. 


From the n a this difference take the logarithm of b, there 
remains A JOSEY N on N. | 
* 2 3d. Add 


8 


— p 
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Add oe the logarithm of N. : e 
N twice the log. of the diff. bete þ a0 Ty 


Ar co. log. of the diff, between a ak „ 

e Mg: Ar co. logarithm of a. 285 
Their ful gives a logarithm, which call 1. 

1 Seek the numbers to &, M, 2B; their ſum gives E. 

From four times E take , remains c; and 8 taken from c, leaves 1 D. 
And the logarithm of four times Þ taken from twice the 1 5 of c, 
ives the logarithm of the correction in minutes. | 
sth. Then the greateſt zenith diſtance leſſened by the correction, gives 

the meridian zenith diſtance. 

Ex AN. I. Three obſervations being made of the $1 un, at a place 3 in north 

latitude, Viz, at 10h, 40m. _ zenith diſtance was 35 53's 5 


1 ö | was 33 44, 
men „ 
How much was * Sun's n Zenith i oy P 8 9 
oh. = Len. diſt, 35* 53 oe. ly TORR - 
1 ns . „isse an Bb b, 5 5 


Fo X'71 1870 . = 29=(B hes heut: 277255 


Logarithm i 3.44287 Z B = 109,8 A 
Logaritm 65 71 185126} N = 395 8 
Logarithm N39, 159161] M = 1:3. . 8 
Twice log. a h f. 6,5 1,62583] 8 = 150,3 and 41 601,2 ws 
Ar. co. log. a 9 b—= 42 8,37675| B = 219 F 8 
Ar. co. log. a = 29 3.53750 = 382 8 
Logarithm 1e 1,3 ©,13179 = 163, 2 and . 8 "Fa 6 
Twice log. c= 382,2 5,10458 Greateſt zenith diſtance 33 53/ . 
Logarithm 4b 65328 2,8 1478 Correction „ pe: 
Log. correction 223 2,4980 80 Merid. zenith diſtance 32 10” 3 
XAM. II. Ta the a 77 the tropic of Cancer, when the Sun's do- WM 
clination was 14* * S. ; at the times 11h. 42 m., 12h. 26m. „ 125 58, = 
beton by a watch, the Sun's zenith diſtances were 43) 19", 43⁵ 3 35 45 197% 1 
reſpectively : Required the latitude, —_ 
Lib aaa 1ſt, zen. diſt. 43* 1275 . <a = 
12 26 f b rem. zd. 43330 1204 = 6 » 
12 58 1.232 3d. 8 45 19 106 an b=44 Bm 
7 Aeneon ** 140 x 32=3840 ; Git, of pro cath 
4216 3.62490 = 

155 5 8 1,8 8981 N = x 

„„ Of =o 

7 3 =D zo] 8 = 116,9 and ene 
C (v 

„% 32 3948/0 © = 3476 


i re ad} gl 

Ae 8 96 0 92 R 58 223 Greateſt zenith 1 W 19˙ 

R 347% Forte Correction 1 
4D 910,4 228923 


Kz force 132% 2712293 3 diſtancs 43 H . 
| 1 Latityde IR | 7 42 N. 
Fe 6 


[4 
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68. I PROBLEM Iv. 


When "i alt des are taken at equal intervals of time, at any \ diflance 
Tom noon : See Book V. Artitle 202. 
RvuLs 1ſt. Seek the natural ſines of the three given altitudes. (V. 185) 
Call the difference between the firſt and third altitudes, o; between 
the ſecond and third, rx. 
Put E for the ſum of D and twice F, when the degrees in the third alti- 
tude fall between thoſe of the firſt and ſecond ; otherwiſe put E for the 
difference between p and twice x. 
2d. Add together the log. co- tang. of half one interval of time (i in deg. j 
the log. of E, and the ar. co- log. of D (each in numbers) 
Their ſum is the logarithmic tangent of an angle A; or of its ſupplement, if 
the firſt altitude exceeds the third : convert the angle A into time. (V. 133) 
To à add one interval; then the difference between this ſum and ſix 


7x 75 hours will ſhew the time from noon, when the laſt obſervation was made. 
* Hence, by the intervals, the other times are known relative to the noon 
| 08 of the place of obſervation. | | 


3d. Add together the ar. co, log, 8 1 
the ar. co. log. ſine of one interval obſerved, 
and the log. of o, their ſum is the log. of a number v. 
th. To the logarithm of 5 add twice the logarithmic fine of half the 
leaſt time from noon ; ſeek the number, and add it to the natural fine of 
the greateſt altitude, the ſum is the natural fine of the meridian altitude. 


, N 8 - 7 3 
5, J . : bye 
o . F 2 - A 5 . os 
— 8 WE % W 8 
«a my 2 1 * 
b — . * EL. a 


mY 5th. The number B leſſened by the natural fine of the meridian altitude, 
4 gives the natural ſine of the midnight depreſſion. 


* — RW 
3 


3 K 225 
— Tu. + 2 3 8 1 2 2 OS 5 
q * > oY . FEC . 
. TT... ß FE 
. re 2 CI arg: LISA - e 8 
wad - - 4 n q 
n Wenn 2 * 8 Ant EI E 


Then the half ſum, and the half difference, being taken, of the degrees 
and minutes anſwering to the fines of the meridian altitude and «ay ; 
depreſſion, give the coslatitude and declination.” (V. 185) 

If the zenith falls between the equator and the Sun, the half ſum i 1S the 


2 

in - n 
* * A 2 ff we; * , : xi, b of 2 2 
— 12 w i 


A co-declination, and the half difference is the latitude. 
#2 Exam, I. Between the tropics, the Sun's altitude was obſerved 7 time 
"8 in the forenoqn, to be T2 227; after waiting 26 minutes, its altitude was 
E:.- 78? 50', and 26 minutes after, its altitude Was 82 55": Requires the lati- 
E” tude of that place. : 
E 7 73 22”, nat, fine ,9 — (See Book V. note to art, 18 5.) 
"= 5 Ae and 0E EE wy 
8 78 50 98 107 | | ——— | L 
1 1 501130 = F {| alſo 26m. = 6 30% 
ss 299237 | — „5 
_  -. | vL̃ 02260 Sar „ 
"= e 1 * |  11,24577| L'\s,a 80 30 4,55 25 eeFBa4e 
7 'LzE = 001161 : 8,00483] us, 6 30 0.94614 
8 L',D = 0,03421 1,465%4| L,D , 003421 _ 5.c2406 
_ „„ rin 14180 ,26269 
8 | 1. gc 30 10,7644 err 
1 | | S 215. 10 30 5 (= 2 ) We 6,83584 
1 Or a= 5 hours 22 r 3 5 
Now 5 7 m. 4 26 m. 5 h. 48 m. 3 r 
5 Then 6 h. — 5 h. 48 m So h. 12 m. . IND 
7 $0. the greater alt was at 11h. 48m, Mer. alt. 0,99362== nat. ſine 83* 32%. 
| the middle n 23 Mid. dep. 0,8374 = nat, fine 56 52 
the leaſt r | half ſum = 709 12/ the co-declinat. 
- | | Fn diff, = 13 20 the latitude, 
0 Ex AM. 
47 r 
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Exan. II. I the north temperate Zone, the Sun being ſouth ann 
his altitude was obſerved to be 8* 37 ; and 66 minutes afterwards, his al- 
titude was 13 51%; and 66 minutes after, Tous his altitkede was "wy It 
| Required the latitude. 


3 * 
Y 
IT 2 
& 


At ſome time, alt & 37z nat. Fi ,14997 NN W e 
f f "RE M2. - | 13517 =D. 


11 ” RL d C. #4 44 
r 
N 1 > 1 * 


7 p 


a „ NN 2395s | 


5 ALS = 09118 & 3 = 104398 
GEE = 1765 30. "And öb.—r k 6m. = = AY 54 m. | 
8 10, 83865 „„ 68 59 o, 39040 
1 1 = 0,04398_ TE? = 325] Los. 1. 16 30 $44 
5 ꝗ 95—ꝗ3517 900 JCCCVVCVVVVVVVVVV GLIETT 273057 
1 23 eite hae e „B „ 1693 | 10,00793 

ta 650 59 9,35 bd wag ET 3*45z + 7203312 
Or a= 4b. zz m. 56 K F alt in PTS a bein 
h. 2 3m. 56. + ih. 6m. 5. 29. 56. 5 2238 
pn þ.—5h. 2gm.56ſ.—oh. 30m. 4. |* merid. te Pe 6, 16 52 
11 29 56 at laſt alt. EN 0 11 0.879 =061 33 
10 23 56 mid. alt. the 3 12 39 12% the co-latitu 
9 17 56 "leaſt ol” ho. A = 22 205 the declination, 


8 III. In a high north latitude, PET! the Sun to the eaſtward of 4bs 
meridian, his altitude was obſerved to be 41 53'; and 2 b. 16 m. afier, his 
altitude was 50 23 3 and 2 h. 16 m. after that, his ee was again 
obſerved to be 44 54 © "Required the latitude, 


In the forenoon, *' © alt. 41 53/4 fine, £67647 ; 
D 


it interval 2 h. 16 m. = 34" 0 * 238 577042 = 103825 
24 interval 2h. 16m; „ 170587 | { 106455 


2F . — 31291 Q—- 
* as che 3d. "Altit, falls between II. "and ET, ; D+28 =E=,10735 


%%% 10,5146 15 %%% 86 © 1,15642 
LE 0.16735 9.22362 L, 340 5 6s 244 
L',D ©,03825 $335 I,41737 Ng 2 . | 8,5 263 
e e n 88105 
And 86% = h. 44m. ha: p (a). -8,82599 
h. 44 m.+2 h. 16 e om. eee Ky 6 * 
Ad h. © a noon at 3d. alt. 13 o,o 509 8.81748 

Ist. altitude at 9h. 28m. 70587, fine zd altitude. 
29. altitude at 11 44 © ey 30% 2771 G, fine merid. altitude. 
39. altitade 8 155 98 855 298060, number 4 

| La he 4 28885 ſine of mid, depreſ. 


Heney be hatule is 582. * U W. ; 125 declination 4 * 13 N. 
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Exane Iv. In a Ino northern latitude, and the Sun having ſouth decli. 

nation, his altitude was obſerved in duh om. to be 61 47' ; and 2h. 30 m. 

after, his altitude was 64. 29 » and 2. ou aaa his altitude was 36* 57: 
Required the latin. 1 


Forenoo n, e 61 17 ine 8811705 . 
iſt interval 2 h. 30m. 3) 30 64 291 „90249 D = 29215 
2d ren 2h, gon. « 30 51 558902 } F = ,31347 
| 5 27 = „62694 
ZB RW 2F—D=E= 33479 
Now 1,*@=189 45 10,46922] %, 73% % 8.54666 
,s =0,33579 952477 L's 37 30 9.21555 
L',D==0,29215 - 9,3439] LD 0,2921858 9465061 
| SRI i bob 10807 10, 22782 
1 1069 30 10,2838 21,5, 290 9.31409 
Anda = 7h. 6m. e a 34826 5854795 
7 h. 6 m. T2 h. 30 m. h. 36m. ? 1 9.5419 
And gh. Nah e 36m. |. , = p 
the za. alt. at 3h, = PM: 9 36“ ,93728, line merid. altitude. 
* P. M. B 128892 
1 15 36 . 48. 48” 7527, fine mid. depreflion. 
FL Hence latitude 300 48” N. 
DE PRRONG:; 19 24 N. 


NET PROBLEM v. 


When three altitudes are taken at unequal intervals of time +. 
Roze 1ſt, . the interval between the 1ſt and 3d times be called My 
3 between the Iſt and 2d j 2 | 
| between the 2d and 3d 
and let the times u, m, u, be converted into degrees. | (V. 13 
Seek the natural fines of the three obſerved altitudes. _ (IV. 2 2 
And let the difference between the 1ſt and 3d be called p, 
between the 2d and 3d F. 
2ꝓ4. Add together the log. fines of I m and & u, gives the log. of = a. 
1 Lo 3d. To the log. co line of 3 x m add the log. line of f u, the um is the 


= 1 Of = B. 
3 4 -Add together the ar. co. log. of D, the log. of F, and the log. ſine 
of M, the ſum is log. of Z c. 

Take the difference between the numbers Z B and 4 c, call it Z E. 
Or let Z E be the ſum of g Band & c, when the degrees i in the 3d altitude 
fall between thoſe of the rſt and 2d.altitudes. 

Sth. From the logarithm of & E take the logarithm of f A, the remain- 
der (10 being added to the index) is the logarithmic tangent of an arc 
G ; or of its ſupplement, when the firſt altitude exceeds the ſecond, | 


3 — 2 ac na FX — * — „* 


„ — ws — — ts — _ 


e e he et — — 
1 ; | 5 | 98 Take 


was taken. Hence the other times are known. 
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Take the difference between G and the complement of E M, the re- 
mainder is an arc n, ſhewing the time from noon when the laſt altitude 


6th, ne together the ar. co. log. co- ſine of 6, 
tthe ar. co. log. ſine of I M, » 
ay, the log of p, their ſum is the log. of a a num. 
"a $6. 
5th. To log. of 1 add twice the log. ſine of E n, the ſum i is the log, 
of W . 
Sth. The number k added to the natural ſine of the third altitude” gives 
the natural fine of the meridian altitude. 
And the number 1 leſſened by the natural ſine of the an altitude, 5 
gives the natural ſine of the midnight deꝑreſſion. 
The half ſum and half difference of the degrees ſhewing the meridian 
altitude and midnight depreſſion, will give the co- latitude and declina- 
tion; or co-declination and latitude, when the zenith falls between che 


Sun and the equator. | Toe a 18 5. 4 I 
Exam. I. In north "REY & Sun have ſouth e at 8 h. 1 


40m. 10 h. oo m. and 11 h. 48 m. by a watch, the altitudes 77 the Sun were 
30* 41 75 45 37% and 56447, reſpetitvely : Required the latitude, | 


: m=3h. 8m.=47* iſt alt. 30 417/ nat. ſine 0,51037 | 
m=1 20 =20 [2d =45"27; 05, 71474 * 22, 32578 
n = 48 227 1 =$6 PREY 6,040 15 =0,12141 
% 10? . 9,23967 Here Ly! -R. 
1 13 yo. 3 9.368 18 And log iz—log. 6 | 
| 9 Alſo 12h. — 12 m. =11 h. 48 m. the 
a Gb 3.60785 time of the laſt altitude. 
| —— So the watch ſnewed true time. 
„n 10 of 999335 „% 63˙ 30' 0, 35047 
14% 13 30 9,368 18 „u 23 30 o, 9930 
+ obs : | "Wd": 0,32578 - 9,51293 
1 „23 o, 22990 ee i 
— — | —} L. 83110 10,26270 
LD 0.32578 4 , 48707 21%, zn AY 300 6,83584 
SEM 23 30 9, 600% L, x vos in, hl Ee 0 
* | 0,14860 N 9,17202 * 
| — — 5652 0,8374 =line mer, alt. 
Lon 5 30% . 8.9100 8 * 0,99370=fine md, d 
1, . 0 10, 30224 0 4 ©, o==ſine e 
" 55 ? . — — . | * 
66 30=compl. of 4 M. | Swe . IN 47 wil 
n= * Dn, 12 m. Anoon. 1 


# 


— 


Exam, II. The guns altitude was 16* 3405 ; ond 50's minutes after, the 


altitude was 14 16%; and hy Dinuten Wy the . was 8? * Re- 
PO the * 4 25 7 


= 8 * _ _ ——— ä - — wa 
4 [ Ee 8 83 7 es St 1 ; 3 1 « - . 
„ N ws. PAIRS ow Fe, No he ** c VL, 0 
3 Ca nfs 2 - . ns —7 YL * nv OO AR. x Ss ; bl 22 7 * 8 5 

WE; . r N TI OPT. 3 EEEE Fer  rod d FEA Wh es ＋ > © <5 1 "ft 4 54. 

>. 668 3 2 4 . % 3 3 Ges % Wo ro, N bs > no > 6 2 7 4 N 1 
74 ; » £ x p © hh * ht > ! . — 7 Ri * 70 5 * 2 5 ; 
3 * =o. 8 * . * 2 * 44 ; We 

_ It. — * * £ 


"2 


6„%w © in; int 1 


. 
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Mah. 12m. 33 o'11ft. alt. 1683 28 nat. fin; 8 514 | 
| 212 30 fd. =14 1 0, 25486 esgateg 
=20 30 . 0,14997 J 8 
Ee 15 | as th 0-2 BA. 
| "ks. 9,25028 And 17, of ſupplement of G. | 
f X of Alſo 2h, 42M, is time at zd. altitude, 
LE 0,01937_ -8,28718 1 at 2d. altitude, 
ll | a 3 12 30 at 3d. altitude. 
1. „n inn 9.997411 0 114% O 0, 39069 
Lots 16 15 9,2 5028 % 16 30 0,5 4666 
5 — ä — | .o 0, 13517 9,1 3089 
L,zB 0,17689 - 924769] — 
5 3 . 1,1700 10, 06824 
18 ea 0586911 1% 20% 15 9.07845 
'L,F _ O,logdg 9,02073] _ — — 
Fh 26% 20" 9545334 L, & o, 14017 or 914669 | 
Le 0, 22038 9,34318 1498 7e of 3d. alt. 
L,;E _0:04349 8,63839|16* 52" | ,2g014=ſine merid. alt. 
A 114 0 e 1 7 —=ſine mid, depr. 
23 >go==compl, of 4 M. Hence 4 865 N. Decl. 191 23˙ S. 
e 22 8575 __ a noon: | 
3 III. Some time in May, and in a 1255 1 latitude, thew ſuc- 
ceſſev ve ultitudes 4 the Sun were, 41* 5J/, 500 73/, 44* 54% ; the intervals 
Ls time being 2 b. 2 m. and 2h. 30 m. Required the latitude. | | 
=4h. 32m. = 68 v\11t, alt. 415 5 7 nat. ſin, o, 66762) 
b, jd. © $50.7} ,76743 $6005 495 669 | 
23=2 30 =37/30 136. [=44 545 9870589) x =0,06154 
Leap 15e 25" 9.420010 Here fc TBZ R. | 
Lin 18 45 9.507 10 Alſo 2h. om. == time at 3d. altitude 
| 05 | — — 130 S time at 2d. altitude 
2A 0,845 5 8,927 11 9 28 = timeat-1f, altitude 
. DA A e — | — * 1 
Li 159 15" 9.98443 % 86% of 1,15642 
15, n 18 +5 950710] Ls,2M 34 0 25244 
— „ 0,03827 8,5 8286 
„B .f 31012 9749153 „ 
| — | Lok =: 0.98112 | 9799172 
19 0,03827 i . B+ 8,82599 
L,F 0,001 54 8,78916| | BEST} 
Lf EM 345 0 9.74756 Lk 0.06572 KD a RS. 3177. 
e e RATIOS: 0,70589==line of zu. alt. 
1 gt 0933 10, 08254 50O 300 0,77161==kne merid. alt. 
FE, 5 — — 1 — — —— | 
154.0 86? of 11,15543{412 6 2 1==line mid- n. depr. 
56 0 =compl. of 2 u. Hence lat N 42 N. 
— DOI: WP 12 N. 
i o nh. from noon. | 
| Vous II. * * Ex AM. 
„ | EE 


ca 
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u Sh. om. 75 O0) 1ſt. alt. 61%47/nat. in. c 587) Y ei L043 


n=2 46 =4t 30 33% =06:: + 89045 ann 
L 16˙ 4 945969 Here 26—L5= 8 
. 5 9˙54936 And G is a ſupplement. 
) Alſo zh. 36m. time at 3d. alt. 

„A 0, 0211 9,00905| _ 12 50 =time at 2d. alt. 
— _ — 10 36 time at Iſt. alt. 

5 + 4 18 o5? ;  O081475. 1-06-4000 30. , 5666 
„ enen, 3® ++ eee, 
„„ 5 r o, 29218 946561 

„„ Ä(p ( —— 
e — — — . 9 10, 22782 
1. p, . 27 of 9.31409 
. 0,32824 15 9.51619 . 

i 37 30% 9,7844, K „34825 7225 9.84191 
Lac - 0.68396. a Seger be of th 34 alt. 


a L4G | 1060 300 3 10,2839 48 48 ebe mid. Are. 


Mg Declination = 10 24 N. 


vation, the Sun's declination, and the latitude by dead rectoni ng 3 to find PB: 
| the e latina. 8 FR... 4 5 
% ü Ar ob HR . 
Iſt. Convert the interval of time into degrees, and take i its "half, 1 
Alſo take the half. 1 and half difference of the two altitudes. | l 1 


Ar. co. log. co-ſ. of the declination. 


Book IX. 


EXAM. IV. Suppoſe threeſ ucceſſive altitudes of the Sun were, 61* 47, 
66? 39, 36 54, taken at intervals of 2h, 14m. and 2h. 40m. a - Required 
the time if the day, and the latitude... > 55 


=2 14 33 30 2d. 2266 397 2, 0,91726 jr 


— —— 


Lie 0,34470 , / ay "955 3744 69 360 0,937 27 fine merid. alt. 


ꝗ——— — — 


52 8 t of Z u. Hence latitude = 300 48 N. 


=54 i. 3841 1 noon. 
N RON LEM vi. Fes 1 
Given two 1 of the Sun, the interval of time between the two . 


. Fir Operation. © 
24, Add together mie five following logarithms. | 
& log. co-f. of the half fum of the two latitudes, 
log. ſine of the halt diff. of the two altitudes. | 
Ar. co. log. ſine of the half interval. 


CA TO. Fake 
5 N 

N > rg 
$29 3 


* 


Ar. co. log. co-ſ. of the lat. by account; their ſum * is the log. fi ne of n an arc. 
3d. Take the diff. between this arc pare!” the half interval; and the half of 

this diff. is half the time from noon, when the greater altitude was taken, or 

half their ſum is the time from noon, when the leſs altitude was n. 


4th, Add together the three following logarithms, „ * 
log. co- ſine of the declination. OR 
log. co- ſine of the latitude by account,  _. 5 : > 
= Twice log. fine of half the time from noon, in degrees. 5 vn 
* Rejecting the tens in the * of the indices in this and t the 2 . 
| Knee mic work. 91 


2 * AR 
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A | 5 el 
7 0 u 
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n 
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* 
Seel the number to the logarithm of the ſum, then that number 
doubled is a number, called the correction; which being added to the 
natural fine of that obſerved altitude, half the time of which. from noon 


Was taken, gives the natural ſine of the mer. alt. which is by it known 


and hence the lat. is known by Problem I. 
AL 15 ; 5 R E MARK 5. | | X SIE 
But to know if the latitude thus found is accurate, make a ſecond ope- 
ration. Thus, 5 * | „ 
To the ſum of the firſt four logs. uſed in the 24 article of the rule, add 


| the ar. co, log. co-ſine of the latitude found by article 4th. The ſum is 


the log. fine of an arc, | 


Work by the 3d and 4th articles, for a corrected latitude; and if it 


comes out the ſame, within a minute or two, as that found by the firſt 


operation, it may be eſteemed the true latitude, - | 
Or, if the difference between the reſults of the two operations do not ex- 


creed about Zth of the difference between the latitude aſſumed, and that 


firſt found, the laſt reſult may be accounted ſufficiently correc. 
But if the difference between the reſults* of both operations is much 
E than the ſaid Zth part, then a third operation with the laſt found 
latitude will generally give the latitude exact enough, _ „ 
When the latitudes found by the firſt and ſecond operations have one 
223 and one leſs than the latitude by account; or if theſe latitudes 
found differ by a degree or more; then make a third operation with the 
half ſum, or mean, of theſe two latitudes ; and if the latitude found dif- 


fers from the ſaid mean, half their ſum will generally give the latitude 


1 the truth. _ „ 
When both obſervations are made in the forenoon, or both in the af- 
N „ N Rvs wv | 

The half interval is half the difference of the times from noon : 

And the firſt found arc is balf. the ſum of the times from noon. 

But when the obſervations are, one before, and the other after, noon; 

The & interval is the ; ſum j and the firſt found arc is the + diff. of 
the times from noon.” _ F . 
Ihe diff. added to the 3 ſum gives the time of the obſervation far- 
theſt from noon. 15 1 | ' 

And the + diff. taken from the 4 ſum gives the time of the obſerv. 
nenen to noon, ͤ x „ 

72. The times of obſervation ſhould be taken to ſeconds, or at leaſt to 
quarters, or thirds of a minute of time, They are beſt when taken be- 
tween the times of gh, A. M. and 3h. P. M.;: the interval of time be- 
tween the obſervations ought not to exceed five hours, nor be much leſs 
than the time from-noon at the taking of the greateſt altitude: in general 
the interval ſhould not be much leſs than about 3 of an hour. | 

73. This problem is beſt ſuited to ſituations, where the Sun's meri- 


dian zenith diſtance is not much leſs than half the latitude : for in lati- 


tudes where the Sun approaches near to the zenith, the obſervations are 
to be taken much nearer to noon; and the rule inſtead of approximating, 


will in ſome caſes give the reſults of ſucceſſive operations wider and wider 
from the truth; in ſuch caſes it is beſt to apply Prob. II, : 


74. About 


3 


11 30 


2 interval 


, an e ; 57% 968854 


1 "I GT 
Its half = 3 435Aat. from noon, [True latitude 


— 


\ 0 
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74. About the year 1740, Mr. Fohn Douwes, a mathematician at 
Amſterdam, and examiner of the marine cadets there, firſt communicated 
to the ſea officers of Holland a ſolution of this problem, by. the help of a 


| ſet of ſolar tables which he had compiited for that purpoſe. Manuſcript 
copies coming into the hands of ſeveral Engliſh officers, who held the 


method Sony. = eſteem, it was in the autumn of the year 1759 publiſhed, 


without any demonſtration ; but one has ſince been given by ſeveral per- 


ſons. In particular Dr. Pemberton communicated to the Royal Society 


the whole compoſition, and ſhewed the limits, or where the method di- 
_ verges, together with other uſeful particulars. [This curious paper of 
| the D 
OR RE „„ 2 HUBER . 
Mr. Douwes's tables conſiſt of four columns; in the firſt” column 
ſtands the time to every half minute, extended to ſix hours: the ſecond 
column, called half the lapſed time, contains the arithmetie al complement 
of the logarithmic ſines of the degrees correſponding to the times they 
ſtand againſt, in the firſt column: the third column, called middle times, 
are the logarithms of twice the natural ſines of the times, in degrees, 
which they ſtand againſt : and in the fourth column are the logarithmic | 
yerſed fines of the times, in degrees, they ſtand againſt, But the pre- 


octor's was publiſhed in the Philoſophical Tranſactions for the year 


ceding ſolution requires no other tables than ſuch as are in the common 
books of navigation. W | 


— 


Ex Ax. I. 4t 9h. 18m. and at 11h. 20m. by a watch, the Sun's alti- 


tudes were 5 8 377 and 16 34“; the Sun's declination was 22 
23S. and the latitude by account 50 40'N. : Required the true latitude. 

ee, Tere ee, ee eee 
| 2h. e e 1 16 34 nat. fine 0,83 14. 


gh. 18m. 


n | 5 25 114 129 35 Act ſum alts. 
| 2160 30˙ 2— — — 


or 3 diff. times 


1, 2 diff. times: 16 30 0, 54666 ä -(8,8231 
„ 1 % dechnat,” =22z 23 © 0,03402 ALS ne 3 437 8.82317 


Ls, latitude =50 40 , 19803 f, 1 correct. =,00247 - 739429 
| | SH Correction =,00494 to be added. 
nat. , of 165 34 ,28514 great alt. 
16 30 Js, merid. alt, 29008 165 
2 . IMeridional zenith diſtance 73 8 8. 


1 


—: «c — 


- * 8 


E Deeclinatinn 28. 
50 45N. 


% 


/ 


18 a 4 * 1 Lids Fas e 
N my 
— — * G 


bo 9 


Among the ſeveral publications of theſe ſolar tables, he moſt extenſive 
: and uſe ful is in the Nautical Almanac for the year 1771. A 


: 1 
. 


3 


25 „% e 5 VIE UT. ates. 
„ ſum alts. =12%35% -. 998942 1%, declinat. 22 234 996598 
1. diff. alts. = 3 584 3, 84041 %, latitude =50 40 9,8019 


. 


dock A DAYS W OR ws: 


F 


Ea II. 4 125. 12 m. ended 3 h. 20m. by @ watch, the Sun's alti- 
hs * 56* 44%, and 30% 411 reſdectively; the Syn, s declination was 
8, S. and the latitude, P dead OR dry i es Foe len the 


latitude. ITE 
12125 Is ; nat. due 083615. 
3.20 h. en et altitudes 15 2 
3 = . 87 25743 43 tee de = 
half GE. rims =230 30 res |. 3 
eee 26 1 13 11 = x diff. altitudes. 
1, e . - = 43® 4, 9.85 90 Le, declinat. = 19* 48' 9,97353 
Ls, Br alts... =1i3 i 9,35290| Ls), latitude = 13 14 9.98831 N 
L's, f diff, times == 23 30 0, 39930 . } 8,41630 
Li, * geclination = 5 48 0,02047 21 x time 8 1 8, 41630 
1, latitude =13 14 o, 116990 5 Wo; | 
, an are 226 295 964936 | — — 
Aigen 42 30 Correction , oel 25 to bs added, 
. Is, great alt. 583615 | 
OW HT 2 
9 | —— Is, merid, alt. —,83740=569 o_ | 
{ts half = 1 2g; tim. fr. n. Merid. zenith diſtance =33 8 8. 
JJ... — 10 r 0 48 8. 
| True latitude {A 7813 20 N. 
Ex XAM. WT. Bape th us latitude 0 22 a place "Nom the „ lining . 
tions made with a e watch an Fond s guddrant, 
Altitude 41 530 at gh. 28m. A. M. ; | | 
Altitude 44 54 at zh. om. P. M. interval 4b. zam. 6g. 
86 47 43 23221 ſum of the altitudes: declination 199 12 2” N. 
od 2 — — 7 
| 3 1 1 301-1 diff. altitudes : lat. by account . 59 o N. 
195 2 ſum alts. 4 23% an » declinat, = 19% 12/ © 97814 7 
Li, + nee alts. ==.3 304 8.42030 Ls, latitude = 59 o 971184 
L's, & ſum times = 3 O 0,252 . inn: 
Ls, declinat. —— 5 12 in {+ TR 1 Toe: Mo. 59 1 1311277 
Ls, latitude = 59 o o, 2881665 | — £ 
Wn ANT _ L, E correction = 03251 38. 5 1202 | 
5 B diff. times = 4 2 8,4711 —— 
A — — Correction = 06 502 to be added. 
3 noon at Iſt alt. 38 2=2h. 32*m.'s, altitude 44 5470589 
a noon EL 2d alt. 29 58=1h.59 52 
5, merid. altitude 5%%ꝙ⁰ e O 26 
OY Hence the latitude =58 46N, 
5 | | | | Y 3 1 | EAM. | 
$ 5 : | 


159 diff. time k. e 
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18 w. Bring by. my lead reckoning i in lat 300 30 N. the declina- 
tion being 109 247. ; the Sun's altitude in the forenoon was 61 4% and 5 
Hours 8 in the RIOT hrs altitude Was. Oy N ö ee the true 


re 


The interval, or dit of 6 time = 


=. Js Akirades "7 


- 


619 47 nat. fine 881 17 


. 
I . 97 $524 | 48 564 =t fam alt. 
25 41412 51 r diff. alts. 
ue, E ſum alts. = 48 562 9,8175 Ls, declinat, = 10% 24* 9,9928Q 
15 5 -oo alts. = 12 51 9,3471317, latitude -= 30 30 N | 
17 K di , , . „ 1926165 
Br, declinat, _ = by *24 % 4 7 0 225 29.31 1 9 — 
12 latitude == 30 30 o, 6468 | 0 en 
—V — — 114 correct. = „02828 8, 45 142 
15 4 ſum times = 16 a: 9.45 206 — 
— Corredion 0 = , 05666 to be added. 
3 noon at NES 21 3 rh. 244m. c, greateſt alt. = Magenta 
a noon at ad, alt, 55 57=3h-354m. 5, werid. n 927769 40 
| — Merid. zenith diſtance 220 20 K. 
| ut U dad. at * 358 min. g Sun's declination „„ e 24 Ne 
CCC Br WV Latitude 230 44 N. 
N Sec W Operation 15 5 
es. Som of the 16 oor logs, - 9.38738] 10, declinat. == 1024 9.99 280 
175 new lat. is == 30 44 0,06573| Ls, new lat. | = 30 44 (9193427 
. I ſum, times = 16 30 9545311 ** Une. hos 30 18 
| a noon at itt alt. = 21 lh. 24m. , 4 corre. Sees | 8.44333 
à noon at 2d alt. = 54 o=3h. 36m. 4 Ces 
Iſt altitnde at Ich. 36m. 5 M. Correction = 616 to be s. 
2d alditude at * 9270 ö. M. J., greateflalt. „88117 
Ps merid, alt, 222 15 5 — 
| aged wr naa ut; dN. F 
At 6 F x 2 £ Nh” 
: EA EXAM: 


\ som of the four Sake.” 1 9,43 1661, , decl. _ 
WE „ latitude =15 51 0©,01683|L,s, latitude == 15 51 9.98377 


Let, K diff. times =16 185 9,4484974, + leaſt time 


- 


— 


— 
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EXAM. v. Being by account in latitnde 16 20/ . and the Sun's decli- 
nation 22" 48 S.; at 8 * 44. forenoon, the altitude of the Sun's center 


was 40 38/; and at 10 179 44 * M. ite altitude was 70? 26' : Rea 
' quired the true latitude. 


Times 13 17 44 1 9 70 26 Nat. fine = 0,94225 
o 40 . Fa. 
- phe = = 718 303 its i==35 45" 111 43 * Lina $3 32". 


29 483 2 2 diff. = 4 $4: 


1 * ſum alts. 55 1 9,7827611 Lf 4 Aten = 2248“ 9, 96466 


Ls, & diff, alts. 214 54 9,4101677, latitude 16 20 9,9321 


15 „ ſum times =35 45  0,23340|Ls, x leaſt time = 9 43, 922731 
, declination =22 48 0,03534| Li, & lea time = 9 43 9g2273t 
1 7, laticude "=16 20 0,0178909 — —— 
8 — L., No. r correct. , oz 520 8, 40139 

n « diff times =16 19 9.44955 — —— 

Fi — — m Correction =,05040 to be added. 


| Leaſt time > =19 26, 1 ns 2 =9® 43”. N. Sy gr. alt. 594225 


N. „ mer. alt. | Sho” oz. 
| 


| : Mer. zenith diſtance 6 57 8. ; 


| Sun's declination . 
Laditude. | * 518. 


Second Operation. 
22? 48 9,96466 


678, + leaſt time = 9 434 9,22749 5 


le | 3 45 * 9 434 922749 
W = cd | RES Ne + corred. =,02528 8,40281 | 

| : Correction =,05056 to be added, 

If eye _ IN.s, gr. alt. 2,9422 5 5 


Leaſt dme Sig z its gez. 


N. mer. alt. os 133 o 


; 1 72 the t true a may be 1 70 at 18 5 8. 


Suppoſe the latitude, declination, and altitud:s the ſame as above; but the 
times 4544 been at 8 31" 44˙5 and 10 42% 16* in the forenoon; or at 1 


P46 and 30 28" 165 in the afternoon 4 to correct the atitude by account. 
Times 10) 42" 16˙ Or 3 288 163 | 


8 31 44 1 17 44 


2-10 32 "12720 32=32 3%; its 4 —= 16® 1 19 = + dif dimes. 
' Conſequently, in the firſt part of the operation, if the 16* 19“ be uſed 


- inſtead of 35 45/; the ſum of the five logs. will give the log: of of 2 2 


for the half ſum of the times; and half the leaſt time wil 


therefore the ſame reſult will be obtained, and the final latitude will be 


15* 55,8. 
If three zenith diſtances, circumſtanced as in Problem II. or III. could 


be taken, the in would be found with leſs trouble. 


.Y'4 1 ExAu 


4 


# 


280. | Days WORKS. Book I. 
ExAM. vi. Wanting to 45 through the 8e N. N Aue the Aub. 


dives, and being by account in ook Wh 20 N. with 22 48% N. declination, at. 
e al 


7 253" forencon, I found the true altitude of the Sun's center was 222 z 
and at 10 1 4 its altitude was 563 40 : Required the ſhip's true latitus le. 


Time 10 31% Aus 63% 40 N.s, ee 
| er o OE | 
| Interval $:..0 =46 32's its — 239 10 86 10 43 43 88281 ſum alt. 
oy : | 2— | 


80 | TI 2 | 1 "$3 $04 20 35 24 diff. alts. 
L's, 4 ſom alts. =43 „ 86350 vs, declinat. ==" 22-43 1 225 
1's, & diff. alts. 20 35 9.848 . latitude =; 7 bo: 9.9964 


5 174 diff. times =23 N 0, 40339 L,s, 4. i time. | . 11 | 98157 2 


L's, declination ="7 20 , 00357 1, Ne correct. = 03344. 2524 


L's, declination = 22 48 0,03533| L,s, 4 l. time 


Si . 
24. — — 


Correction” © ==; 
N. „ gt. al.. = . 


Ls, latitude „ 9,851 7 


; Ents cam— — 


Aer Zen. diſt. ic — 
2 Beese 222 N 
Latitude 237. iN. 


| rs Second Operation. F | ante to ot; 
| Sai of the four fir logs. 9,84827 1,5 decl, = 220 48“ 9.96467 
| hüte = 7 11 /:0,00342| Ls, latitude = 7 U-571506990F 5 
; | — .,, l. ume = 1 oo 9,98 
1444 fum. times 45 175 10 155, 5 l. time = 14 | 04 9728128 


+a, times 23 16 | L, No + correlt, = 03337. 8.52341 
1 ag ; Seeder „ 
Leaſt ame & nook oily eiue! | i < 289623. 
N IN., mer. alt. O4. 2. 


Hence the latitude is 59 N. AY 

If the altitude had have at 1» 28" 127, and at 4 34” 20˙ both aſternoon, 

the latitude would have been the fame. | | 
But had the times been at 7 25". 408 forenoon, and at 1 28 12. af 


ternoon: or, at 10 31 48% forenoon, and at 4 34 20 aſternboon, wi 5 | 
the aro altitudes, declination and latirigde, by account, to correct 99 


| Times 130 28 125 . | Ori 34 208 
1 40 ay Te" 
N 6 6 2 32. ſum of the rimes Af 2 3755 ; 


# 


- 


I = | 
g Then the log. Tap 4 ” 75 50 uſed for the + aged be: inte ad of that 
of 235 16% the ſum of theſe five logs. will be the log. of 23" 16% the halt 
| difference of the times; and, conſequently, the leaſt time will be the ſame _ 


as in the former operation; eval the final reſult for the Waun wilt be 
the ſame, * x: 


7 * 1 . Th 1 
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altitude of De Sun' $: center 24 30”, and 3 4 "Wo er, its ituds. was 52 
167; o latitude by account was Ne 52, and the Sun's nn 23% 
Required i the ſhip”s true latitude. Th 


3 ee its 2 As the 2 Limerval 2d FP 2 160 Nat. fine 19987 
| 3 it Ws 30 


— 


76 46 395 1 | 


— * 2 ——— 


PR Pre ls Oo AT AO-LIS 89. ak 
1 {fam alts. 2389 237 9,89425 1, V, declination= 23 0 995403 


19 interval 223 o 0,408 12 1 56, 2 leaſt time = 15. 44 941812 


1 , latitude |} 249 12 , 8481 1, Ns correct. =04069 | 60946 


FEN 1 inte to * the Engl rw Ia raed the rae. 


1.5, K diff, alts. =13 53 938011 1%, latitade = 49 12 981519 


1 declination =23 o '0,03597|L L,s, E leaſt time = 15 47 9.41512 ; 


- 
POLY 5 ‚ REN 3 IE op ERP A en 2 FI” - hoo org A 


- 
— —— . ̃ ey, mm.; cad 


1% 1 lum times=53 og" 990326 eee Red 

Te eg 

qo 6 e ; | 2 | Decl.=23 © 0 
| . „ | Latitude of 52 17 

8 Second Operation. ; | Wh 
Sum of fone art 6 „ 9.71845 L,s, decl. = 23® of. 9. 96403 . 
1, latitude == 20 17“ 2.21342 U . 32 17 97866 
L, 4 {ſum es= 38 5 9.93187 L Eb time ==17 52 48686 

. op * 25 1 0 ee time = iy 2 9.48685 
Leaſt time à a-noon 35 JI, its 2 1er Ne 4 correct. =0530t B72433 

i Latitude 52 17 firſt found. eee r 

Latitude 49 I 5 one eo OT 

+ — V z 45. 
7 100-32 e 2 Zen. Al 26 15 
N il | Decl. 23_© 

Meſh latirude 50 46 [73 

; . 3 3 os Fig N ko ho | Latte ry 49 15 

| - Third Operation. 8/4 

Sam of four. firſt logs. 9 71845 | LS '» deel | = age 400 9005 | 

* e Ktitade 592 46. , 19895 L,, latitude | = 50 46 980105 

| Ls, 2 leaſt time 1623 945034 
een times 117 9 75 1 175 L leait time =16 23 , 945035 
; 2% I, Ne g correct. 04632 8.56577 
aſt t. noon = 32 46, its = J 
| hea 3 4 its; =16023 F718 2208? 
| | 5 ; 4 NN. mer. alt. 88351 of o 
J i ET LOC 4 PID Te Zen. di. 37 73. 

e Ct; e e | Former mean Worry $i $0 46 45 
cle e e e ke . 
r Bn * 9 True latitude 50 * 
mer 9 „ e 


b 


2 


M2 p ANS WORK. eb IN. 


In the preceding Problem it was ſuppoſed that both the altitudes were 


| taken at the ſume place; but as this can ſeldom happen at ſea, it is ne- 
-  <eeffary to ſhew how the latitude may be obtained when the altitudes are 
- __ obſerved at two different, but not very diſtant places. 
75. *NNCC*C** P"FROEL EM on N 
Siven the latitude zy account, the Sun's declination, two obſerved alti- 
tudes, the interval of time, and the courſe and diflartte run, between the ob- 
ſervationt; to find the latitude correſponding with the noon of that day. 


9 — W TK” * 
> 


3 
— 4 


5 ge CW 7; SOLUTION * A TR K 
ft. Find the latitude by account at the time, when the greater alti- 
„ as 3 
2d. Let the bearing of the Sun be taken by the compaſs at the inſtant 
_ when the leaſt altitude was obſerved, and take the difference between that 
bearing and the ſhip's courſe by compaſs. © F 


— 


the diſtance run by the ſhip between the obſervations, find the difference 
of latitude in the traverſe table. of T 
44h. This difference of latitude muſt be added to the firſt altitude, if 
. _ the angle between the Sun and ſhip's tract be leſs than 903; but it muſt 


place where the ſecond w- ass. 3 
Ith. Wich theſe altitudes (thus reduced to the ſame zenith), the ob- 
ſerved interval of time, together with the declination and the latitude by 
account, at the greateſt altitude, find the meridian altitude by the pre- 
|  - ceding problem; and hence the latitude will be obtained for the time, 
„ - when the greater altitude was obſeryed. . 1 


Sth. If the latitude be required for noon, with the courſes run by the 


hip, corrected fer variation of the compaſs and lee-way (32, 35, and 
ag roi run by the log. find the difference of latitude — 


being applied to the Jatitude, found above, at the time of the greater alti- 
tude, will give the latitude at non. VVV 


1 


* REMARK. If-the Sun's bearing could be taken with ſufficient accu 
racy at either obſervation, it would render the other obſervation uſeleſs ; 


for, with the azimuth, the polar diftance and the zenith diſtance, taken 


t any time, the latitude and hour from noon may be found, But al- 

15 for tb the Sun's azimuth cannot be obſerved with ſufficient exactneſs 
for this purpoſe, it may for obtaining the correction to be applied to one 

of the altitudes to reduce it to what it would have been found, if it had 

been taken where the other was. For the ſmall error incident to the 
correction of the zenith diſtance, by being computed from an azimuth 
ſomewhat erroneous, will bear ta the error-in that azimuth, a ratio but 

little different from that of the fine of the diſtance run by the ſhip to the 


34. With this angle, or its ſupplement, if more than 90 degrees, 40 


be ſubtracted from it, if that angle be greater than 90%, to give the firſt 
altitude, as it would have been found, if it had been obſerv at the ſame 


fromthe time when the greater altitude was obſerved at noon; which 


co: ſecant 


3 
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hl D&TL.WOREKES. ty 
eo· ſecant of the angle which the ſhip's courſe makes with the azimuth 
cirele that the Sun was on v. Or, inſtead of obſerving the ſun's azimuth, 
it may be computed from the latitude by account, ſufficiently exact for 1 
the purpoſe of obtaining this correction, as was propoſed by Dr. Pem« | 
PE ATT 8 „ 5 . 1 
Note, In the ſecon ration of the Examples to the VIth and VIIth — 
Problems, the arith. compl. of the co-ſine of the latitude is added to the 


ſum of the four firſt logarithms, according to the precept in Problem VI. 
by which means the conformity of the ſecond operations with the firſt is 
more expreſsly ſhewn e the ſame logarithm would be produced by 
deducting the co- ſine of the latitude from the ſaid ſum. kg 


: Exans:T. Sailing S. E. 11 knots an hour, at q 36 forenoon, the true 
altitude of the Suns center was 52? 2, and his bearing was S. 60˙ 10 B. 
and at 11h 24", his altitude wae 63 45; the latitude by account at this 
time being 48 46 M and the Sun's declination 235 20” N, © Required the 

' latitude at the time when the latter altitude was obſerved, ' —_ 
Now 11h. 24m.—gh; 36m. = Th. 48m. is the interval of time. TH 
And th. : ih. 48m. : ; II kn.: 20kn. nearly the dift, run in ih. 41. 
Alſo 60˙ 30/ the Sun's rhumb, leſſened by 45˙ the ſhip's rhumb, leaves 


ja * 


_ 15? 30' for the diff. of rhumbs. 1 1 NES 
Then with the courſe 15 30/, and diſt. 20m. the diff. lat; is 19m. ; 
And 52* 2/+19/=52* 217 for the leſſer altitude corrected ; or fitted to 
the zenith where the greateſt altitude was taken. 


Now th. 43m. = * 270 of 15 Alts. 63 4 4 N. 8. 8 8 ; 
eee 52 4 N. 8. beef | | 
| | 5 half ſum $8 3 half diff. 5 42 


1. 4 ſam alts, = 589 03” _  .9,72360]1.5 declin. = 23* 20” ; 962 | | 
Ls 4 diff, alts. = 5 42 $8,99704|Ls lat. 48 46 LO | 
Ls 2 diff. mes 13 P o, 63182 LS, 4.5 time == + 10 8, 86128 | 
LC declination = 23 20 037061, K l. time 4 10 $,86128 
1 lat. == 48 46 , 181030f. Ne corr, 1003195 7450447 
„ ©5571. Dorreltion = 06089, 

| 4s + ſfumtimes= 21 50 9.75 Na leaf alt, — 89687. 


Lr. time a noon 8 20, its 14 10 N. mer. alt. == »90320 * 6 E 


* 


n 35 25 
1  Declin, . e. 
% RT \ 71 


| Here che lat. 48* 45/ computed, differing by x minute only from the 
latitude by account, may be taken for the true latitude, © 


— — — —— — — D 
_ ® Coveſ, Aftim, Err, in Mixt. Math, Theorem. 22: ; 
* 8 | 
— E 50 


_ pa u. Biba by account in latitude 51ů% 6/ Metoben the Sun Me: 
clnation was 22* 23 C.; at 9h, i8m.' A, M. the Sun's altitude was«8* 
4 37 7%', when he bore S. 36 45 E.; and having run NIV. b. V. tight knots 


n hour. at 10h. 40m. the Sun's altitude was 14 46' © n * en 8 


i the time when the ſecond Nein was taten. BY 


ers the obſerved difference of time is th. 2m. 
thr th. : 1h..22m. : : Skn.: : IInk. nearly the diſt, run bet, te obſ 
| Here the Sun's rhumb. is S. 200 45":$e. +... 
And the ſhip's rhumb. is N. 56 45 W,. _ * TER 
The angle comprehended between them is 160 30%. ar O12 


Its ſupplement is 19” 30% which as A aurſe, with the diſt, I, gies 


105 for a diff. fat. 
And the ſhip runnin northward 3 the SunJeſlens the ane 


* 


Then 8* 375 e 95 27 is the alt, to be uſed at argon, k 


T7 find the latitude by Problem vu. 


ED 0 interval=rb. 22m ==200 ©”. 6 149 46 2 > — 875 A 
meyer half diff. a 3x. Alts 0. 8 27 14. = 7 
15,4 ſum alts. = 11* 3657 9:99102 . 23 9s 

8 1 a . 71. 9 8,4111 1%, latitude * 2h 2.79793 


2 diff. times= 10 1 13 0, 74972 12285 I time N 10 8 8.8 3075 
1 5 r ee 22 2 o, o3 402 N — — 
1 5 Vlatitude =51 6 0, 20207 1 2 correction 019705 | * 
1 4 ſum times = 31 29 9.74794 Correction 503941 . 
— Nat. kne ER 27488 ö of 14 46 
. 21 44 from noon, —— 
; NR - 15, of 170 07 529429 "meds alt, 


And 72 53==merid. zen. diſtance. 
Then 7" 53 _ 42 ee. 30 NE 1s the latitude. SET. PS 0 


15 


3 . Second Operation... 


Som of hs four fi 2 .. 9,5 1887] Ls, decitiatifa =="#25 23” 9796598 


98580351 


1 U, latitude * 2 7 * 17 la bn 3 30 


2 Le, 4 fam Aion 31 34 0 2 — 
5 — — + corredtion ith 8,28954 
Leaſt time - 20 48 fr. noon. 5 — ͤ— —y— 
| Then the correction . +02 $488 the nat, fan of 14 46% gives 

Sagar the nat. line of 17* “ the merid, alt. and the merid. zen. cham 


* . the latitude wit be 50* 34. 34 EN, 55 we 


—» 


And by making a third operation, the Wage fog nt will be found ta 
be 50 34 N. "The lame to a wile ie as it was is Pepe 8 
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ExAM. II. Running then briſk gale ten knots an haur, on a W. S. W. 
8 * 3 at. 100 36" forenoon, the altitude of the Sun's center was obſerved to 
be 61 4%; and at 3 36" P. M. his altitude was again found to be 365 
' 5, and his bearing S. go 30 W. by our account, the latitude at 10% 36m 
was 30 N. and the Sun's declination 10 24/ N, : e the latitude 
_ at the 2 time of the firft obſervation. _ 


Here the obſerved difference of time is 1 hd, 
And ih: rh: : 1okn : F okn. the diſtance run between the ane 
When, as in this caſe, the Sun's bearing is taken at the ſecond ob- 
ſervation, the oppoſite point to the ſhip's courſe muſt be uſed in 9 
| that altitude to the ſame ſituation with the firſt, 
No the Sun's thumb is S. 80 3o/ W. or N. 80? 30 E. 

And the oppoſite point to the ſhip's courſe, is N. 67 30 E. 

Their diff. is 13 087%, which as a courſe, with the diſt. 50, gives dif. 
lat, 49%. Then 30⁰ 5 497 — 235 160. 

Then 36* 5 49 235 I0/ is the correfted alt. for the 2d obſervation. 

T find the latitude by Problem VII. | 

Iaterval i =75* of Alts. 61® 47']z ſum alts. =48* 312, 


T Interval 237 30 35 16 2 diff. alts. =13 R AT LP 
1754 ſum alts. e “ 9, 82105 , decl. 100 24 9599281 
Ls, + diff. alts. 213 155. 9, 36048 L/, Pane = 30 o 9.93753 
1, I ſum times 23/7 30 0, 21855 1, © time 10 14 9,24958 
, decl. =10 24 o, 007191, + time == 10 14 . 9g,24958. 


LF. latitude ; 230 0 I= o, 6247 L, No < corr. =0,02688 | 42950 
Vas - 5 3 8 ——— Correction ä N | 

LS, 2 a8, times =17 2 9.46674 Wi of a5 ea 2 472 

pag N. , mer. alt 934A =69* 1 


Lea. time e In000=20 2 28; its z ici And the latitude at noon 311 11 N. (61) 


By a-2d operation the latitude will be found to be 31 26“ N. by a 
3d 31? 30 N., and by a 4th 31* 30“ N. 

By working with the latitude 299 41', which the ſhip was in at the 2d 
obſervation, the final reſult will be the lame, as is ſhewn in the following 
practical form of placing the work of theſe Examples : $:49427 is the 
ſum of the four firſt logarithms. 


\ 


- Firſt Operation. Second Operation q Third Operation 
9,4047 9.992810 44% 9,9928119,49427 9.992851 
9.06109 993891888224 9.932760 98888 9093131 
2.55 36 | 9,6605619,47151 9,06240[9,472906  9,66289 
wy 18858 5 9.66056 17 132 Fr 9.00240 a 9,66289 
8 J) ] ᷣ OR. 1 377, 
J N + +1 al ae87: 46: 017779 
$4 28h eee 355947 58 
27 141 77127 212 . / 23 5,2740 
V U 142 F- 1" 93208 
Mer, alt. 692 18]- Mer, alt. 65958] Mer. alt. 68% 54 
Zen. diſt. 20 42] Zen. dil, 227 02] Zen. diſt. 21 6 
Decl. 10 24| Decl. 10 24] Decl. 10 24 
Latitude 31 6 Latitude « 31 26 Latitude > 31 30 N. 


EXAM, 


1 * 
285 


EAA, IV. 
| longitude 64 
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at 75. 


8 2 * . 


20, 1780, being by account in daes 565 wry 8. 


Zam. and at 10h. 28m. forenoon, by fore 1 


tw altitudes of the Sun's Inver limb, were 29 47%, and 4 321“; 
| the water, and 7. 
ttoeen the ob . the ſhip/bad run 8 N an leur "0 on a N S. 307 E. k 


His bearing at the former N. 80 E. the eye 20 feet a 


Required the 


e mid-day latitude, 


Now ſhip time 197 32" P. M. +4 . as 58", ones 8•4. M. 


| Or, 22 28" P. M. A Y 16 W. b 44", Or, 20 44" P. M. Lond. 4375 
1 ( | 
by The Sun's declination fitted to theſe times, are © 20? Y, and 20 J (V. abr.) 
App. alt. © lower edge 29 47 30 * 45 BOT 
O + diameter + 16 20 84 
App - alt. © center . 50 9 05 7 
Dip. . r . 
. 29 59 35 - $O 4 56 
Kefractien 3 n 
Tue alt. © center 29 37 5 5 4 2 
CS a 29 58 d 
* the interval is 2* 56”. And i: > 56" : 8kn : — 9 the dil. 
„ö ö Y 
4 Wich the courſe s. 50 E. and diſtance 23” the diff, 251. i is 15. 


Then 56* 30/ + 15/2 56˙45 the latitude in at ſecond rw whe JO 
Again, The difference between the Sun's bearing N. 90 E. and the 


| ſhip' s courſe N. 130* E. gives go. 
. And with the courſe 50˙ and diſt. 23” the diff. lat. is 15. 


80 29® 58'+_15'=30? 13/ the corrected alt. at iſt obſervation, 


The interval = 2" 56M==4.49 Alt. 50? 4 


Its half =22 30 13 + diff alts,= 9 352 
RL” Firſt . Ae Operation. Third Operation: 
. 988335 9972620, 7363 9.972620. 57363 9.97262 
9,2364) 9.74189,26331 9,7 3669.261857 9973843 
848 27737529. 9.73249. 9,7326 
3 222231} 43% 25 2.23249 43% 10 9,7326 
8.28811 217197] 22 22 317357 
E 149408 10 244919 
42 45 e 15 41% 32 354 229020 
1 22 2242 Correction, | 7 ? »$0327 
- 64 4 ,80047] Leaſt alt. „ 8014 
32 284 "II 1. Mer. alt. Mer. alt. 53510 
Zen. diſt. 36 49 N. Mer. alt. Mex. zen. dif 30 44 
Decl. 20 8 8. Len. 4:8 | Declination 20 8 
2 ——— 2 bs 3 40 ; 
Latitude 56 57 | Declination 20 8 | Latitude 50 52 
„ Latitude 1 . 


1 ſam alts 20 08 
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But ok; with the latitude 56 45. ö and the declination 20 7 ? 
at ne h obſer vation. 


e Tee. YH N 5 Sand Oper ation... | 3 
9.88930 Ke 9.92660 3)3%ͤ - » 997266 
9,230 : T8; 9,7 3901 020215 en 9.73785 | 
7 4. conc, & 
002734 + , 9,7064,83/%% e 78169 
o, 6 ĩ 0 29017329 439.4, 973760 
9.83483 5 ..... SS Et gy fs oats; 917371. 
43% | Cor. 29808 6s 4 e ,14920 
— 5 —— 3237 Corr. 29840 
6 s „ e | V 
| Mer. alt. Wie N. „ mer. alt 880167 
Zen. dil. 36 44 N.. den l. 63 175 
; Declination VVV — 
Latitude | 56 ShS-] Declination „ 
eee | hel Latitude „ 1486" a6 8. 


Hence it appears, chat in the mock of fach examples as the preceding, 
it is almoſt indifferent, whether the latitude by account and declination 
relates to the obſervation neareſt to noon, or fartheſt from noon. How- 
ever, for the ſake of uniformity, it may be recommended to uſe the lati- 
tude, the declination, and the natural ſine, which do all relate to the lame. 
altitude, 

It will be ſhewn in the Appendix how this ocoblein was conſidered by 
Facio; but his ſolution requiring too many trigonometrical operations to 
be of ready uſe, the rer method by eee was ſubſtituted 
inſtead thereof. 


76. Mr. Richard Gba s method of ſolving this problem, publiſhed | 
in the Philoſophical Tranſactions for the year 1734. Ne 4.35, by a kind 
of inſtrumental operation, may indeed give the latitude within ſome 


minutes of the truth with caſe and e it is, in W as 
follows: | 


. ption f the arne. 


Te the meridian of a globe (properly divided) let a piece gy” a like 
weft called the beam compaſs, about 110 degrees long, and di- 
vided like the former, be fitted, and made to ſlide on the upper fide of 
the meridian *. oder let two Meret Vernier's ſcales be fitted to 


» . = — r 
n 8 1 A PE -—a — i. 
2 — 


* In Mr. Graham's inſtrument, made on purpoſe for this Rom, the beam 
1 1805 mos under the meridian, 


- 1088 | thoſe 
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thoſe circles, dividing each degree into every five minutes. The beam 
compaſs muſt be ſo applied, that a pin, on which it turns as a center, 
and fixed exactly at o degrees, or one end of it, may paſs through a hole 
at the beginning of the diviſions of the Vernier which is to flide on the 
meridian, that pin ſerving as the center of motion of the beam compaſs, 

when the Vernier is ſcrewed to the meridian : the other Vernier is to 
flide on the beam compaſs, and carry with it a pointer, or index, at the 


beginning of its diviſions, _ Es 3 


Mitb this Inſtrument the problem is thus fulved: ! 


At the time of the firſt obſervation, let the Sun's bearing be alſo ob- 
ſerved, and take the difference between the rhumbs on which the Sun 
was obſerved, and the rhumb on which the ſhip ſteered between the ob- 
ſervations: Then ſay, ' | „ AB 8 
As radius is to the co- ſine of that difference of rhumbs, ſo is the diſtance 

run between the obſervations, to the minutes of correction to be applied 
to the firſt zenith diſtance, and is to be added when the ſhip fails from 
ſtme Sun, otherwiſe it is to be ſubtracted, e 
Then flide the Vernier's ſcale on the meridian to the given declina- 
tion, and the Vernier on the beam compaſs to the firſt zenith diſtance as 
| corrected, and let theſe ſcales be fixed by their ſcrews. Rectify the globe 
for noon (VI. 59), turn it till the hour. index points at the time of the 
firſt obſervation; there hold the globe faſt, and move the beam compaſs on 
its center, nearly into the azimuth of the Sun at that obſervation, and de- 
ſcribe an arc on the globe with the pointer of the Vernier. 
Slide the Vernier on the beam compaſs to the ſecond obſerved zenith 
diſtance ; turn the globe (the proper way) till the hour- index points at 
the time of the ſecond obſervation ; there hold the globe faſt, and with 
the beam ' compaſs cut the former arc, their interſection will ſhew the 
place of the ſhip at the time of the ſecond obſervation : bring the meri- 
dian over that point, and the latitude is found; alſo the hour-index wil 
point at the true time of the day when the laſt obſervation was made. 


% 


— 


4 £3 4 ; | 
a Y 


* - . . N * Lo ©! 6+ b 1 
2 * * " " 
' P 4 
N Ar 1 . I 
, * * 125 * 4 £2 * * . 
7 0 7 . 4.87 1 % 21 "I - bs © | 3-4 
* - * & + 
* 4 
Fu . 
PF - 


- 


77 Jo find the Longitude at Sea. 


on ſettling the ſhip's account to that time. 


bars woenxs 435 


— 


% 


SECTIONS. 


; , If an accurate account could be kept of the true courſes which a ſhip 
has ſteered, as directed by the compaſs, and of the diſtance ſhe has run, as 


_ meaſured by the log, or by any other contrivance; then both the latitude 


and longitude of the place where the ſhip is at any time, would be known 


For the courſe and diſtance being known, the difference of latitude and 


departure is readily found by the traverſe table; and the difference of lon- 


gitude being alſo found (VIII. 60), the true lat. and longitude are known. 
But as the ſhip's motion is liable to be diſturbed from a variety of 
cauſes, ſuch as, a continual. defleftion from the courſe ſet, by the ſhip's 
playing to the right and left round her center of gravity, and the unequal 
care of the helmſmen: and the diſtance failed being faulty, on account of 


| tumbling ſeas rolling with or againſt the ſhip.; the unſteadineſs of the 


wind; unknown currents; ſudden ſtorms, and many other circumſtances, 
which ſeem impoſſible to be allowed for; her place, aſſigned by theſe 


* may juſtly be ſuſpected to be erroneous. Mariners judge of this 
by 


ding the ſhip's latitude every day, if they can, by obſervations of 
the Sun or Stars; and if the latitude, found by their reckoning, agrees 
what that found by obſervation, it is preſumed that the ſhip's place is 


well determined: but if they diſagree, they conclude that the account of 


longitude ſtands in need of correction; the latitude found by obſervation 
being always to be depended on 55 „ 
78. The error in the ſhip's reckoning is frequently attributed to un- 
known currents. For, from cauſes yet undetermined, there are man 
and various motions of the water in the open ſeas, as well as thoſe ob- 


ſerved near the ſhores, where the motions. may be tolerably well ac- 


counted for. Some of the currents obſerved in the great ſeas may per- 
haps be owing to the tide's following the Moon, and to the libratory mo- 
tion which the waters may derive from thence ; and the unſettled ſetting 
and drift of theſe currents may poflibly depend on the change in the 
Moon's declination, However, it is well known from obſervations, that 
the trade-winds occaſion a conſiderable current within their limits, par- 
ticularly within the Torrid Zone, where the motion is perpetually to- 
wards the weſt, at the rate of 8 or 10 miles a day. But at the extremities 


of the trade-winds, or near the latitudes of 30 degrees north or ſouth, it. 


is likely, that the currents are compounded of the ſaid weſtern motion, 
and of one toward the equator- (by obſervation 2. Art. 84. B. VI.): 
therefore all ſhips, failing within theſe limits, ſhould allow a courſe each 
day for this current. | 9 Pe 

Although ſome of the methods recommended for correcting a ſea 
reckoning are little better than gueſs-work, as it cannot be known with 


certainty whether the ſhip is to the eaſtward or weſtward of the point in 


which the reckoning places her; yet it was judged proper to introduce 
them here, as they may ſometimes be uſeful, 
Vol. Il. | Z Methods 


; 
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79. NM ET non 5 6 When the error is ſuppoſed, t happen from. a currents... 


— — 


Conſider whether the difference may not have been occaſioned: 92 2 
„current, and, if it is poſſible, try it (by Article 47, Book VII.) ; or make 
ſuch an eſtimate of its ſetting and drift, as may be judged reaſonable, 
Then with the ſetting and drift, as a courſe and diſtance, find the dif- 

ference of latitude and departure, with which incthaſe or diminiſh the dead 

_ reckoning ; and if the latitude, thus corrected, agrees with the latitude 

by obſervation, the departure, thus corrected, may be ſafely taken as 97 | 
2 ſo the ſhip's Pry TTY with regard to e eee ; 


made 96 miles of diff. lat. N, and 38 miles -of departure M.; but by ob 
fer vation, finds her difference of latitude 1s 11 * and on trial finds a current, 
which in 24 hours makes 16 miles of di F. *. N 1 8 10 2888755 of 9 555 3 


Ex AM. I. Su 75 poſe a ſhip i in 24 Jour) finds. ber dead Hochonting; he has 


IA bat is the ſhip's departure? > 
Diff. lat. by account 96 m. N. . Wy account "< m. W 
AIR 3 Diff. lat. by current 16 m. N. N by current 10m. E. 
Trae a8. lat. Et 112 . N. | „ 1 6" 


Here the dead reckoning. corrected by the current gives the difference 
of latitude 112 miles, which is the ſame as found by obſcrvation. there- 
fore the departure 28 is taken as the true one. 


Exan, II. 7; eflerday noon we were in latitudes 3 IS N. ſg "ol 
failed theſe 24. hours, I. SE.3E. 55 m. 2d. NE. by N. 20m. 3d. FSW. 
70 m. 4th. S. by M.,. 20m. — all the time in a current ſetting SSM. 
zm. an hour : By an obſervation this day at noon, be were in ue 
34 58' N. : Required the true ; i poten oy 3 has made © 


Di] N 5 N | Departed lat 56 1% N. 


Preſent lat. 34 58 N. 


Courſes. 


—— 


- Dis. latitude oy L977. 


Here the current being taken 
into the account, produces a 
diff, lat. by dead reckoning 
1 <qual to that found by obſerva- 
tion; and therefore the depar- 
ture by the dead reckoning is 
taken as the true ä 
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80. Mrrno I. When the error is thought fo ariſe from. the courſes and 
-% 2 anc . 


If hs 8 of latitude is much more than the departure, or the 
direct courſe has been within three points of the meridian; it is moſt 
likely the error is in the diſtance. 

And if the departure is much greater than the difference of latitude, 
or the Airect courſe is within three points of the parallel, or more than 

five points from the meridian, the error may be aſcribed to the courſe. 

But if the courſes are in general near the middle of the quadrant, the 
error may be either in the courſe, or in the diſtance, or in both. 25 

For, to cauſe an alteration in the difference of latitude, the firſt of theſe 
ak requires a greater error in the courſe than can well be ſuppoſed to 
have been committed; in the fecond caſe, the diſtance muſt be ſo faulty 
as would ſcarce eſcape obſervation; and in the laſt, it is often doubtful 
whether to attribute the error to the courſe or diſtance 3 5 ut | it is uſually 
corrected in both. 


81. C248 I. 


men, by _ 5 reckoning, the diff. lat. is more than once and a ha ir If the 
R: Or, which is the ſame, when the courſe is leſs than three points. 
Rur E. To the diff. lat. and the departure by account, find the courſe. 


With this courſe, and the meridional * lat. by ET DINE find the 
diff. of long. | 


Exam. Yefterday noon we were in lat. 39* 18/ V, and by an afar 
are this day noon in lat. 37 48' N.; our dead reckoning gives 116 miles of 
MOOS and 64 miles of eaſting : Required the ſhip's true ene 7 5 


By the TRAVERSE TABLE. 


The diff. lat. 116, and the departure 64, gives the courſe: 29 88 


The courſe 29 degrees, and the were 15 lat. by obſerv. 115, 
gives the diff. * 64. 


82. Caen it 


IV hen Fon the dead reckoning the departure is more than vnce and a half the 
difference of latitude : or, the courſe is more than frve points. 
_ _ RuLE, With the diff. of latitude by obſervation, and departure by ac- 
count, find the courſe and diſtance. 


With the co-mid. latitude by einten n depart. by account, find 
the diff, longitude, 


EXAM. Yeſterday noon we were in tn, 48* 52/ NM, wad i were 8 
at noon in latitude 50 18 M; our dead reckoning ſhews we have made © 
milos of northing, and 112 miles of weſting : os moral the true difference of 
n 10 Ship has made. 

By the TRAyERsE Pam: fk 


The diff. lat. 86 and geparigre 1125 gives 522 for the nourls, and 132 
for the diſtance. 


3 13 Ihe co-mid. latitude 40? 25/, and the departure 1125 give 173 miles 
öʒñ fr diſference of longitude, - | 


* = ” | f \ 7 Bow „ — —ͤ— 


, 
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82. CASE III. % Bu 
IWhen the ee of latitude and departure by account; is 1 equal or . 
the direct courſe, has been between three and five points of the meridian. 


Rol E. With the diff. of Jatitude and a I ture oy mee ff nee the 
laft obſervation, find the courſe. - 


With this courſe, and the diff "Pk by obſervation, find another de- 
parture. | 


Take half the ſum of theſe two perde for the true One. 


With the true ceparture and diff. of lat. he, par e find the true 
| conn. ; 


With the true courſe and meridional dif. of lat, by obſervation, find 
the diff. of longitude. CO 7 


ExAM. The laft 24 hours we have Ht 84 miles * bag and 75 i 


eafting ; 3 wwe were yeſterday noon in latitude 520 40 N., and are this noon in | 715 
latitude EE NS W. hat difference of longitude has the Hip made 10 * 

| By the TRAVIR GSE TABLE. do 1857 . 

To the diff. latitude 84 and departure 76, the courſe is 422 e : 9 
With the courſe 420 and diff. lat. by obſerv. 102, find the departure 91, 8. | 9 
The ſum of the two departures 76 and 91,8 is 16, 8, its half is 83,9. 5 
With dep. 83, 9, and diff. of lat. by obferv. 102, find the courſe 399% + 09 
With this courſe and 171, 6, the merid. diff, of lat. find 139, the dig. = 
lon IS | . R 7 
85 Dr. Halley, havin collected a great Fe of "<-> "FRO E 
made on the variation 4 the needle in many parts of the world, was : 
enabled, by the help of the latitudes and longitudes of the places of thoſe 1 


: oblervations, to draw certain lines on a Mercator's chart, ſhewing the va= = | 7 

riation of the compaſs in all the places over which they paſſed, in the year WM 
1700, the time he publiſhed the firſt chart of this kind, called the Varia- 
tion Chart. Conſequently, the longitude of any of thoſe places could be 


found by the chart, having its Inte: and the variation of the needle in 
that ben given. 7 


85. METHOD III. To find the ITY at 1 by Fu variation chart. 


Find the variation of the compaſs : for which ſee Article 28. 

Draw a parallel of lat. on the chart through the lat. found by obſerv. 

And the point where it cuts the-curved line, which is marked with me 
variation that was obſerved, will be the ſhip's place. 


EXAM. A ſhip finde, by a good obſervation, that he i is in the latitude of 
18? 20' N.; and that the variation of the compaſs is 4 ' weſt Required the 
ſhip! — fon, Nc 

Lay a ruler over 18,20 N. parallel to the equator, ard the point where 
its edge cuts the curve of 4* weſt variation, gives the ſhip's place, which 
will be found in about longitude 27? 10“ weſt from London. 

86. This method is attended with two inconveniencies. 00 ys: 

Firſt, That wherever the variation lines run eaſt or weſt, or nearly | 
ſo, this way of finding the longitude becomes imperfect. But this im- 
perfection is at preſent found chiefly on the weſt coaſts of Europe, be- 
tween the Jatitudes ' of 45% and 53˙3 on the eaſtern ſhores! of North 
| America, and in ſome parts of the Weſtern Ocean and Hudſon's Bay ; 
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= therefore, for the other parts of the world, a-variation chart may be 
eſteemed of great uſe, i LOOT: 


87. But the variation curves, even where they run eaſt and weſt, may 
be ſometimes applied to good uſe in correcting the latitude, when meridian 
obſervations cannot be had, as it frequently happens on the northern coaſts 
of America, in the Weſtern Ocean, and about Newfoundland, For if the 
variation can be obtained exactly, the eaſt and weſt curve anſwering to 
that variation on the chart will ſhew the latitude. . 
Secondly, As the deflection of the magnetical meridian from the true 
one is ſubject to continual alteration, a chart to which the variation lines 
are ſuited for any year, muſt in time become uſeleſs, unleſs new lines, 
fhewing the ſtate of the variation at that time, be drawn on that chart. 
But as the change in the variation is very flow, if new variation charts 
were publiſhed every ſeven or eight years, it would fully anſwer the pur- 
„ „ . 
88. Notwithſtanding the great uſe which Dr. Halley's Variation Chart 
afforded to moſt mariners, yet it has been almoſt uſeleſs, for want of public 
encouragement to renew it from time to time. However, in the vear 
1746, Mr. William Mountaine, F. R. S. and Mr. James Dodſon, pub- 
_ liſhed a new Variation Chart, fitted for that year, which was well re- 
ceived ; and ſeveral inſtances of its great utility having been com muni- 
cated to them, they drew the Variation lines again for the year 1756, and 
the year following publiſhed the third Variation Chart. They allo pre- 
ſented to the Royal Society a curious paper concerning the variation of 
the magnetic needle, with a ſet of tables annexed, containing the reſult 
of upwards of fifty thouſand obſervations, in ſix periodical reviews, from 
the year 1700 to 1756, incluſive, and adapted to every five degrees of la- 
titude and longitude, in the more frequented oceans: which paper and 
tables were priuted in the Society's Tranſattions for the year 757. 
The engraving of new plates on every publication of ſuch charts, is a 


charge too great for private perſons to incur ; and ſhould, like the Nauti- 


cal Almanac, be done at the expence of the public ; eſpecially as the uſe 
of it is ſo eaſy, and fo well ſuited to the knowledge and time of mariners 
in general. | 15 a 


89. METHOD IV. To find the longitude by the help of a perfect time-kreper, 
This method is a mechanical ſolution of the following problem. 


y The time in any unknown place, relative ts the meridian of that place, being 
given, to find what o'clock it is, at that inſtant, under the meridian of ſome 
known place; ſuppoſe London or Greenwich. 1 FT IR 


If a clock or watch were ſo contrived, as to go uniformly in all ſeaſons 
and in all places; ſuch a watch, being regulated to London or Greenwich 
time, would ſhew always the time of the day at London or Greenwich: 
then the time of the day under any other meridian being found, the dif- 
ference between that time and the London or Greenwich time corre-- 

ſponding to it, would give the difference of longitude. AW 
90. That very excellent artiſt, 10 John Harriſon, after more es 
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thirty years cloſe attention to this ſubject, has diſcovered many curious 
inventions to remove the irregularities to which all watch and clock- 
work were liable, that were conſtructed by the common methods. His 


inventions are ſo extraordinary, and ſeem ſo well adapted to remove the 


* 


" 


of 


55 


imperfections of clocks, that the commiſſioners for the longitude granted 
him ſome conſiderable gratuities to enable him to bring his notions to the 
deſired perfection. Experiments of his watch were made in the latter 
end of the year 1761, and in the beginning of the year 1762, between 
Portſmouth and Jamaica; and although the refalt did not fully come up 


to the wiſhes of the public, yet it proved ſufficient to induce the com- 


miſſioners to enable Mr, Harriſon to make a ſecond trial, between Portſ- 


mouth and Barbadoes ; which ſucceeded ſo well, that the commiſſioners 


of longitude ordered him the ſum of 10,000 pounds, upon his diſcloſing 


the mechaniſm of his W aTcH, to a number of proper perſons appointed 
to receive his communications; which have ſince been publiſhed, and 
watches of a ſimilar conſtruction have been made by other artiſts, which 


have ſucceeded equally with that which had been made by the inventor 


himſelf. Mr. Harriſon has even improved his former works; and it is 


probable, that ſuch watches may hereafter. become more common, and be 
_ afforded for leſs than 100l. or a fourth part of their preſent value. 


But to whatever degree of perfection ſuch a movement may be brought, 
yet as every mechanic inſtrument muſt be liable to be injured by various 


accidents, it is certainly to be wiſhed, that aſtronomical methods could be 


alſo ſo far improved, that the marine artiſt might be enabled to find his 
longitude from time to time with ſufficient exactneſs by celeſtial obſcr- 
ern, r toe nes go, | „ 
91. Various aſtronomical methods have been propoſed for finding the 
longitude at ſea, ſome of which will hereafter be mentioned. 
heſe methods chiefly depend on having an Ephemeris or Almanac 
adapted to the meridian of ſome known place; ſuppoſe Greenwich, for 


which the Nautical Almanac is fitted; which Ephemeris ſhall contain 


which the Ephemeris is calculated. Then, as theſe celeſtial appearances 


mo — 


92. 


8 o 


- 


which take alſo the daily difference of declination at chat time, and ſay, 


the Sun's place, right aſcenſion, declination, the times of the planets 


eclipſes of the Sun and Moon, together with thoſe e 


paſſing the meridian, as alſo the riſing and wk the times of the 


upiter's ſatellites ; 


the diſtances of the Moon from the Sun and ſome zodiacal ſtars at cer- 


tain times, for every day in the year; and, in general, the times wher, 
any other remarkable celeſtial appearances may be ſeen at the place for 


are ſeen nearly at the ſame inſtant of abſolute time from all parts of the 
Earth where they are viſible: by knowing ghe relative times of the day, 
when ſuch appearances are ſeen in. two diſtant places, the difference of 


' thoſe times is known, and conſequently the difference of longitude be- 


tween thoſe places. 


5 


MErROpD V. By the Sun's declinatls. 
By ſome of the means ſhewn in Book V. between the Articles 185 
and. 204, or by any other means, let obſervations of the Sun be taken, 
from which his declination may be computed at thoſe times. 


© Take the difference between this computed declination, and that for 


the noon-of the ſame day at London, as ſhewn by the Ephemeris ; from 
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E #1164 ' 1; the daily difference of declination is to the above-found Ve) fot 15 | 
A 355 degrees to the difference of longitude. — - 
e AM. Su ppoſe from certain olſervatios made on the 1865 of April 1764, 


8 "oe un ele ſhould be found ta be 11* 100 4” + Required the longitude 
Wu he Place 9 e Loni 3 th" 
n April 18th the decl. at London is 11? 5/ 2 3 

Ph wk 14s Lady dif. is a0 39”. 
The difference between 11* 100 and 11 5 26” is 4/ 38", 
Then 20/ 39%: 4 38”: + 360 80—æ 46; „the diff. of GE call of Lon- 
don; 
Becauſe the obſerved 1 was greater than that at London. 
ad it been leſs, the difference of longitude would have been weſtward. 
Here a ſmall error in the declination computed, will make a very con- 
Baer able error in the difference of longitude; and the method is only in= - 
þ ſerted as a caution to beginners. 
1 930% Marhop VI. By the Moon s culminat.ng. 
| Seek in the Ephemeris for the time of her coming te the meridian on 
j . the given day, and on the day following, and take their difference ; alſo 
1 take the difference between the times of culminating on the fame day, as 
5 found in the Ephemeris, and as obſerved; and fay, - 
$8 As the daily difference in the Ephemeris is to the difference between the Ephe- 
FG merts and obſervation; ſo is 360 degrees to the difference of longitude. 
RE For as the whole difference ariſes in a day, or by the running through 
8 350 of courſe any part of that difference will require a proportional 
8 part of 360 degrees; upon the ſuppoſition of the Moon' 8 motion n 
Wo uniform during 24 hours, which it is not. 


Exam. Suppoſe at ſea, the Moon's center was olferved ” paſs the neri- 
an on a certain known day at 57 minutes after one in the morning Required 


th longitude of that place. 


In the Ephemeris I find the Moon's center paſſes the meridian of Lon- 
don on that day at Ih, 47m, and the next day at 2h. 3im. the diff, is 
Am. and the time obſerved is rom. later than at London. 

Then, as 44m. : Ion. : : 360: 81 49/, Which ſhews that the place 

is 815 49/ to the weſt of the meridian of London. 

Here alſo a ſmall error in the time of the Moon's culminating, will 
produce a great error in the difference of longitude ;z and this is men- 
tioned on the ſame account as the former method was. 


. wah 94. METHOD VII. By the eclipſes of Jupiter's ſatellites,” 

_ On the day preceding the evening on which it is propoſed to obſerve the 
— | alin ſeek the time it will happen at London, in the Nautical Almanac. 
Let the difference of longitude between London and the place of ob- 
ſervation ( known by the dead reckoning at ſea, or by the printed maps) 
_ be turned into ti:ne; and if eaſtward, be added to the London time of 
_- the ecſipſe, but lubtracted, if weſtward; ; 1 it will give the time near- 

ly when the eclipſe is to be looked for in that place. But it will be 
Proper to begin to obſerve 20 or 30 minutes ſooner; and let the inſtant 
LE ... when the eclipſe begins or ends be noted, as ſhewn by a watch previouſly 
EE ofa ates to the time at the Place of obſervation ($8): then the difference 
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between this time and the London time, converted into degrees, will ſhew . 
the difference of longitude; and if the London time be leſs than the ob: 
ſeryed time, the diff, of longitude is eaſt; otherwiſe it is weſt. 
95. The beginning of theſe eclipſes, called immer ſions, generally hap- 
pen on the weſt fide of Jupiter; and the endings, called emer/tons, to the 

eaſtward of the planet; and both happen at a very ſmall. diſtance from 
the planet, ſeldom exceeding its half diameter. „ motfior 
The beſt obiervations for finding the difference of longitude, are thoſe. 
made on the firſt ſatellite, or that which moves neareſt to Jupiter; but it 
| ſhould be obſerved, that its emerſions are not viſible from the time of 
Jupiter's conjunction with the Sun, to the time of his oppoſition; and 


the immerſions are not viſible from the time of the planet's oppoſition to 0 'S 
the Sun, to the tima of its conjunction. „ 70-1 N 
Exam. Suppoſe by the Almanac for 1773, an immerſion. of Fupiter's fit TE 
ſatellite is viſible at London on October 23d, at 13h. 23m. 1/0. and I am, © © 
by my dead reckoning, in longitude 72, deg. to the weſt of London; 1 obſerved . 
= on the ſame day the immerſion at 8. 40m. 4. Required the difference of N 
The 1 between 1 3b. 23m. 15f. and Sh. 40m. 450. is 4b. | of . 
JJ6tI rg ne 
And 4h. 42m. of, is equal to 70? 32/ for the diff. of log. weſtward. _ WW. 
155 956. The eclipſes of Jupiter's ſatellites may be well obſerved by one of . 


Dollond's new achromatic teleſcopes, of three feet in length, or by a re- 

flecting teleſcope of about 18 or 24 inches focal length. As theſe eclipſes 
happen almoſt daily, they prove the moſt ready means of determining the 
longitudes of places at land, and by them the longitudes of ſea- coaſts may 
be better aſcertained than they are at preſent; and whenever Jupiter is to 

be ſeen, they might be applied at ſea, even oftener than they would be wants 
ed, could they be obſerved with ſufficient accuracy in a ſhip under fail,. 


; 97. METHOD VIII. y eclipſes of the Moon. © 
This is performed much in the ſame manner as by the laſt method, 
For if in two or more diſtant places, where an eclipſe of the Moon is 
viſible, the times of the beginning or ending are carefully obſerved, as alſo 
the times when any number of digits were eclipſed ; or when the Earth's 
ſhadow begins to touch, or to leave any remarkable ſpot on the Moon's 
face; then will the difference of the times, when the obſervations of like 
kind were made, give the difference of longitude between the places of 
obſervation. - But theſe eclipſes happen too ſeldom to derive any general 
GE EECCET  AEEs. Crr as Eee. .. 
98. METHOD IX. By an occultation of a fixed flar by the Man. 
An occultation of a fixed ſtar by the Moon is, when a ſtar, lying in the 
line of the Moon's motion, is eclipſed by that plane. 
The method of computing the difference of longitude between London, 
FER and a place where the time of the occultation is obſerved, is ſhewn in 
| Halley's Aſtronomical Tables: and the method of delineating ſuck an 
occultation is ſne wn in De la Caille's Elements of Aſtronemy. wn. 
But the method of finding the difference of longitude by an occultation, 


{IX '* 


is rather too intricate and tedious to become of general uſe at ſea. - 
| » bon bees SO Ce DEE n ebe 
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99 The great Dr. Halley, and after him the Abbe de la Caille, and 


others, have reckoned the beſt aſtronomical method for finding the longi- 
tude at ſea to be, when the diſtance of the Moon from the Sun, or from 
2 Star is uſed: for the Moon's daily mean motion being about 13 de- 
grees, her hourly mean motion is about half a degree, or 1 min. of a de- 
gree in two minutes of time; and ſo an error of one minute of a degree 
in poſition will produce an error of two minutes in time, or half a degree 
in fochitüude. And'if by obſervation it is determined what part of her 
daily motion the Moon has run through, during the interval between a 
cettain point of time under a known meridian, and the inſtant of time 
when the obſervations are made on her under an unknown meridian, 
then her daily motion at that time will have to the part thereof, determin- 
ed by obſervation, the ſame ratio Which 24 hours have to the interval of 
time taken to'deſcribe that arc. OO n 


7 


100. M. de la Caille, in the proſecution of his method; directs a num- 


ber of obſervations to be made one after another, in which the interval 


of time is to be diligently noted: and obſerves, that many errors will be 
apt to ariſe here from the inſtrument, the obſervations, and the calcu- 
lations, which muſt jointly affect the longitude deduced; ſo that the moſt 
experienced artiſt ought not, in general, to expect on a ſingle ſet of ob- 
ſervations to find his longitude nearer than to two or three degrees of the 
truth. He therefore propoſes, that each ſet of obſervations ſhould be 
taken by two or more obſervers at the ſame time; by which, from a mean 
taken between them, the longitude may probably be found within a de- 
gree and a half; although it may happen, that by an extraordinary degree 


of diligence and ſkill, and by a lucky compenſation of errors, a reſult 
within a degree of the truth may be obtained. But the Rev. Dr. Maſ- 


kelyne, the Aſtronomer Royal, who has had great experience in this mat- 
ter, recommends the ſet of obſervations to be divided among different 
perſons, '' each obſerving at the ſame time his reſpective part, and the 


computations to be made, either from a good Ephemeris, or from the 


beſt Lunar tables, ia which caſe the reſult may in general determine the 


longitude at ſea within a degree of the truth. 


| Tor. Since Sir Iſaac Newton's diſcovery of the true cauſe of the in- 
equalities in the Moon's motton, which had from the eatlieſt times per- 


plexed aſtronomers, attempts have been made to form juſter tables of her 
motion than before were poſſible to be effected; and here the late profeſſor 


Mayer of Gottengen has ſucceeded ſo well, and his tables come ſo near 
the truth in every part of the Moon's. orbit, that they may be confided in _ 
for determining the longitude of a ſhip at ſea, whenever the Moon is to 
be ſeen, within a degree at moſt ; which has been proved by a compariſon 


of the Tables with the obſervations made at Greenwich obſervatory by 
the late Dr. Bradley, and by the'preſent Aſtronomer Royal, W 
| 1 RNC OE WORSE *., . a, 6 abs ne AW I RES 1136 -SL 
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5 1 for finding the longitude b an b oblervd diſtance oe the 
Man from the Hua or g Star. N 2 55 e eee eee 


8 I 02. Firſt. To dee. the angular ene. between the Mom N any 
e e ee r I V 


r o-435 155 37 2 8 1 . * | by 1 
. L e the Mien ws 5 Sun. fc = [ 1 


; Turn an e one of the ſcreens, and hold. the Hadley' 8 quadrant ſouthat 
its plane ſhall paſs through the Sun and Moon; look at the Moon through 1 
the tranſparent part of the horizon glaſs ; 3 and keeping her there; gggtly © 
move the index till the Sun's image is brought into the filyered.pait of 12 A 

_ that glaſs: bring the neareſt limbs of both objects into contact, and let 
| the quadrant librate a little on the lunar ray, by which means the Sun will 
appear to riſe and fall by the fide of the oon; and i in this motion che 
neareſt limbs are to be made to touch one another exactly by moving the 97 
index ; when this is effected, the obſervation is completed, and the . | 

; gs cut by the Vernier's ſcale will ſhew: their angular, diſtance, {In 


OD. „ 1 II. e the Moon and a Star. 1 
Ik the Moon is very bright, turn down the lighteſt ſcreen, and dect 3 

> 0 the plane of the quadrant through both objects: look at the ſtar, as in a 1 
ſore obſervation, through the clear part of the horizon glaſs: keep it = 
there, and, by moving the index, bring the Moon's image into the fila © 
vered part of the ſame glaſs ; let the quadrant gently librate about tj e 
ſtar's ray, and the Moon will appear to riſe and fall by the ſtar; between 1 

the librations move the index till the Moon's enlightened limb is touched bY 

by me middle of the e as 17 a nee and the e e is N 5 
Nin i. e wiv 1 

104. The enlightened. limb of the Moon is alin to. hs brought inte 

contact with the Sun or ſtar, even though the Moon's image is made to 

paſs beyond the Sun or ſtar, before the deſired contact can be obtained. - WM 
Between the new and full Moons the enlightened limb is turned to- _ 5 
Ward the weſt : and during the time from the full to the new Moon, the 

_ -- enlightened limb is turned to the eaſt. "3 
The obſerved diſtance of the neareſt limbs. wy the objeds, i is ts. "on in- 
creaſed by the ſum of their ſemi-diameters ; but when the contact is ob- | * 
ſerved of their fartheſt limbs, by bringing one over the other, then the | 
obſerved diſtance is to be leflened by the ſum of their ſemi-diameters. —_ 

- The. ſtars have no apparent ſemi-diameters ; but that of the Sun and © 
Moon will be found i in the Nautical otras for Any, Bw ation and - 


Tos When the 9 of che e is held Lb; the motion of 1 
the index forward brings the right-hand object, by reflection, into contact > 
with the left-hand one 1 45 directly; and when its face is held dowun- 
ward, the like motion of the index brings the left-hand object, by re- 4 
flection, into contact with tlie right- Hand one ſeen directly. x; "= 

| Therefore i in north lat. the quadrant is to be uſed with its face up- g 
e * the object to be ſeen * reflection is to the mt hand, 
U odr 


2 222 - = 
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odr weſtward of that ſeen directly. But whep the object to be ſeen di- 
15 rectly lies to the weſtward of wat to be ſeen by reflection, the quadrant is 
5 to be uſed with its face downward. 


106, A Nada in \ the uſe of the dude both ways, is to be obtained 
by practice only, which the learner may make familiar to himſelf by ob- 
ſerving the poſition of land objects; and to attain an accuracy in obſerva- 
tions let him ſelect 6, 8, 10, or more objects lying around his view; and, 
wr beginning with any ene of them, take the angular diſtance of the 1ſt and 
wo 2d, the 2d and 3d, the 3d and 4th, and ſo on all found, ending with the 
„ laſt and firſt; and the ſum of all theſe angles ſhould make 360 degrees, 


nier's ſcale are well divided, the meaſure of an arc may be read to thirds 
AY 'of quarters: of a minute, wich the aſſiſtance of a magnifying glaſs, Ke 


Is N 107. Secondly, 8 the apparent angular di ifance obſerved between 


the Moon and any other celeſtial object or to reduce the diſtance, obſerved at 
the ſurface, to what it world appear if obſerved from the center of the earth. 


It was ſhewn in Book V. Art. 66, that the apparent place, in which the 
_ Moon is ſeen in the heavens from the ſurface of the earth, is generally not 


: ſhould be corrected, as well for the error of parallan as. for that of refrac- 

: tion: the ſame may be obſerved of the Sun; but the parallax of the ſtars is 

5. too ſmall to affect their places ſenſibly, and therefore the refraction only is 

1 to be applied to them. Becauſe the apparent places of celeſtial objects 

; want correction, their apparent diſtance does alſo ſtand in need of being 

1 gorrected, eſpecially where the Moon is ne e how to-do this is 

7 ſhewn in the following precepts. 
: 


 3R. In the triangle formed by the obſerved diſtance of the objects and 
their zenith diſtances, find the angles at each object comprehended be- 
tween the obſerved diſtance and reſpective vertical or azimuth circle. 


N nh} (Iv. 154) 


of obſervation, reduced to the meridian of the Almanac; 


'Y 


Ts 3d. 80 as radius is to the co- ſine of the Moon's altitude; 3 
GEN, o is the horizontal parallax to the parallax in altitude. 


TOR 4th. "Y as radius is to the co-ſine of the ſaid angle at the Moons 
0 So is the diminiſhed parallax to one error in diſtance. 
Which is to be lute, if the angle at the Moon i is n otherwiſe 
it is to be added. | 


Stb. Alfo ay, as 11 is to the coſ. of che ſai angle at the Sun or ſtar ; 

So is the refraction on its zenith diſtance to an error in diſt. _ 

Which is to be added, when the angle at the dun or ſtar i is acute, other- 

10 wiſe this error is to o be ſubtrafted. 


In a Hadley s quadrant of 15 inches radius, if the limb and the Ver- 


her true place on account of the parallax; ſo that her apparent place 


2d. By the Alahatige find the Moons botinancal parallax at the time 


Exam 


—— 


300 DAYS WORKS. Book IX. 


4D W R "Sappoſ on the 6th of Auguſt 1772, in a place 96 degrees to 

he weſt of London, at 5h. 36m. P. M. by a watch, the diftance of the neareſ? 

limbs of the Sun and Moon ſhould be obſerved to be 68* 10' 24”, at the time 

_ the altitude of the Sun's lower limb is 31% 44' 12% and the altitude of the 

| bons lower limb is 23˙ 44/ 12”, the height of the eye above the water be- 

8 ing allowed for: Required dae ould be wy true d: My A the centers of 
ö 98 the Sun and Moon. | 


| By the Almanac, the ſemi-diameters of the Sun and Moon' at that 
time will be found to be each of 150 48/7. Hence the apparent altitude 
of the Sun's center is 325, of the Moon's center is 24”, and the apparent. 
diſtance of the centers is 68? 42/. ; 
Alſo 96 W. is Gh. zm. to which sh. 30 8 being added, give 12h. 8 
P. M. at London; and the Moon's e parallax : at 1 * Lon- 8 
don time is 58˙ 39/'= 258, 65. {3 


8 NG ” Given the Sun's zenith "7 BESS 5 «8+ 8 | X | q 1 
" © © the Moon's zenith diſtance N 1 i 
; the diſtance of their centers 68 42. 5 . 
10 end 2 of poſe ition at the 9 [Required the FS oe SSIS at the 6. — 7 . 1 
| 689 4 Working by Art. 154. B. W. 6842 Working by Art. 154. B. IV. 1 5 
© - 66, © | L's, 68 42“ , 0307358 © | 1 689 42  0,03073 Os. 
ed, 66 OO 0,0392755 © 1 88 © 0,7158 
2 42] 1, 30 21 9,½0353 10 42 Ls, 38 21 9.79272 
5 Ext eee „ 25588 . 35*21'15, 2 30 9.66658 
Ne ; 5 18 427 __ 10744011 e FRF 12.8511 | 
| | . 31 — d „ - al ba "9.78080 
Wy 4 at the moon = 63. kr. 14 at the Sun = 74 16 
2 + $3495 * Dꝗ's alt. 24% 99880 
. | So horizon. paral, 58 65 E 


To paral. in alt. 5358 1, 2900 


Heck refration 23 
* n ö 
OPS! Error in alt. $1 7728 
As Rad. 7 4... 10,00000[As Rad. 2 : I "2000000 
| Tos 2 at 9 2 63 197 9,65230 TH. oC: at O 74 16 943323 
So error in alt. 515 28 1.20225 SO error in refr. © 1,8 , 25527 
| To error in diſt. -- 23, o 136225] To error in diſt. MY; 1.68850 
; Which is ſubreaQive. 5 Which! is to be added. . 
| Now 2303—0,488==22,54=32 32” Subtractive. > SIE 


Then 08? 43 —0 22 32 68 19 28”. Which is the true diſtance of the 


centers of he Sun and Moon at a time of obſervation, as Fogld PS ſeen at 
: | the Earth's s center. 
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ExAM. II. Suppoſe in the year 1762, in FOES 32.12 N. and longi- 
tude 385 300 W. of reenwich by account on May gth, at 12h, 34m. 19ſ/. the . 


F aiftance of. 


ved to be 5 1 28/ 3 


gulus was 24 48', 12 that of the 
true di iftance of {ye 0 from the Moon's center. 


51 20 
65 12 
. 
91 13 


1 


„and at 


N TRE Work. 


O,1 os 56 
0,04202. 


45? 367 5110 


6 % „ 9.72289 
19972552 
7793 37 - ee 

225. 2, 8990 


7 "270 o, 889 80 | 


51* 29 


wy * 


77 5 


— — g 


26 


Ss. 


I * 


90798958 


129 30 

$6",25 1,75012 
54.9 173970 
e 3 
50% = 

| App. diſt. 


ar Spica Vi irginis from, the Moon's center was ob= 
the ne Ja time, the apparent altitude of Re- 


von's center was 125 '30': : Required the 


* 


W 
, 10656 
001042 


4 44 4 = 
* #1 * 


45? wy 51104 


27 K * 952545 
19,49647 
n | 5 
34 31 9.74823 
4568 7 957138 
50% 2 1,0518 
18 54” 1,27656 
19 o0tt-- 
* 28 35 3 


True diſt. 51 9 33 


. 


The precepts by which theſe examples are worked are derived from 
principles ſhewn in the Appendix ; but the operations may be ſomewhat | 


ſhortened, thus : 


In a triangle with the three ſides, viz, the two apparent zenith dif. 


azimuth. 


tances, and the apparent diſtance of the centers, find the difference of 


With this difference of azimuth, and the corrected zenith diſtances, 


find the true diſtance of the centers. 


This work may be done very compendiouſly by the following precepts, | 
from Book IV. Art. 253, 255. 


108. A compendium for finding the true di ;ance between the Moon and Sun, 
or Wars from their obſerved altitudes and diflance, © „ 
 PRECEPTS 
it T o the Arith. Comp. of the log. fine of half the apparent Aiſles: 
add the log. ſine of half the diff, of the aPPArent altitudes n ſum 
is the log. ſine of a firſt arc. 
2d. To the log. ſine of half the apparent "diſtance, add the Joes Gag 
of the firſt arc, reject radius, and the ſum is the log. ſine of a be- ; 


. cond arc, 


_ 3d, Add together twice the log. 92 of the ſecond arc, and the Arith. 


Complements of the log. co- ſines of the two e Mitudes 


their ſum is the log. of a third are. 


4th, 


Ich. to the 105 of 5 third arc, add the log. co-ſines of the hdd 
Attitudes, gt ſum is the log. of a fourth arc. 


Sth. From half the log- of the 4th arc, take the log. fine of half the 


1 diff. of the corr ted endes, there remains the log. tangent of 
„ 5 


6th. From half the log. of. the 4th arc, take the log: fine of the 5th 


arc, and there remains the log. ſine of half the true diſtance. 
Theſe precepts being expreſſed in the following ſhort way, may om 
the memory, and render the „e more eaſy, 
x. i, ap. dift. 17151 diff. ap. alts. 25 21, 1ſt. are. 
2d. L,s, Z ap. diſt. + LF 5 fs; =1L,5; A. arc 
3d. 2Lzs, 2d. are 41 55 one ap. alt, 1 55 1 ap. alt, =L, d. arc. - 
Ach. L, 3d. are 1 zone cor. alt. + L,, oth. cor. alt. , Ath. arc. 
Sth. Er, 4th arc —L,s,'& diff. cor. alts. , Sch. arc. 
Sth. I, 4th are — L,, 5th are =Lzs, Z cor. diſt. 


Applying theſe precepts to the 4 examples, the work will * 
in the following order. 


Exam. I. (See page 298) Here are given the apparent altitudes f the 
centers, vix. of the Sun 32 39 of the Moon 24*; and their apparent diſ- 
| tance 68* 42/; and the Moon: F FIRM 58' 39/7: Required the 


true diſtance. 


Diſt. =68? 42/; 1 224.25 21” Ale. © 225 of o“ Alt. =. of of 

Ap. alt. © =32? Refr. = I 31 Refr.—.— 2 7. 

Ap. alt.) =24 | Cor. 5 O ==31 58 29 Alt. cor. 223 57 53 
Diff. S1 diff. 4. Cor. alt.) =24 51 32 Paral. += 53 39t 


i | Diff. cor, alts. = EF. - 4 6 5 22 Cor. alt.) 
2 Diff. cor. alts. J 3: 33 2 
1 180. = 34 21 3 9.75 14% Lan, diſt. 


) =24 51 32 N 


| 17, . ap. alls. 4 o 8,843 58 | 
175 18, 8 95092110 9,99666 1, 1ſt. arc. 
5 8 1 9.84813 Ls, 2d. arc. 
. 83 14 9.74813 Lav, 2d. arc. 


©,07158 „, © alt. 32 

0,03927 5 ) alt. 24 
19.507777 bs 34. 8 | 
9.92854 1%, © cor. alt, 31% 682 
2.88228 K., ) cor. alt. 24 5150. 
39,49343 L, 4th. arc. 


„„ > aa den 19-7467 tr. 4th. arc. 
BD * „ 1 15 7 8.70277 ,, diff. cor. alts. 30 33 287 
| Lots ch. are. 2222327595354 Lyfs 5th. arc. 


1, F cor. diſt.=34* 2. 44” 9.74938] 
True dift, . =08 I " > 


— 


— — 


— 4 
Wm 


W 8 


_ 
= * * kd * 
2 


* The ul are PAR * . art. 48 
+ The parallax is taken from table, art. 56. 


But the pargllax in alt. may readily be found by the Gunter's ale, thus: : 
The extent, on the fines, from rad, to the co-ſine of the alt. | 


Will reach on the numbers from the hor. par. to the on in alt. 


EXAM. 


PP] 


Og 


"Fg 
— 


ET Lt ng ͤKK12 FE 
* DN SI CO Ex TE oe * 


es * 


Book XX. 


Diff. = 25 o 
2 diff. = 12 30% ap 


the Sun's alt. 5* O'; the 


* 


60 Reguired the true diſtance. 


Noe rad. : , 30 :: 60515 
Diſt, "= 85 O its 2 = 


e %% hq 


Os alt. oo 


— 


n 
: * 9 x 2 i 
1, 1ſt, arc 


XL, 4th. arc 

155 5 th. arc 

ZDiſt. 42% 31" 1“ 
2 3 


* 


Ap. alt. 24 48 
ee 
2 dif. = 0 og ap. alts. 


L 1 
Lys, 


| 2 4 % 


S. 4% * * 


; alts, 


9.50566 


1 2 30 the true diſt, 
Exam. III. Suppoſe the apparent diſt. ; 
35; the Star's altitude 24 48' ; the Moon's altitude 12* 30“, and her ho- 

rizontal parallax 56 15 : 7 
Diſt. 51 28” 36"; its 228255 44 17%” 


DAYS WORK 8. 


Exam. II. Given the ob ved diſtance of 
60K's alt. 


303 


30 oz and ber horizontal parallax 


8'=par, in alt. by Gunter's Scale. Fa 


300 8 e 30 of oo” 
78 2 we 2 28 
X 7 0 20K 22 
| e :: ENGL 58 

26 © 44 © 30 50 20 


,17032 
533834 


9,82968 1, 42 30 


9˙97648 1, iſt. are 


9,8061686 Ls, 24. are. 
9, 80616 Ls, 2d. arc 

| 0,06247 L's, 300 O 
0,00166 1s, 5 ©. 
19,67645 L, zd. arc 
9, 99845 Ly, 4 50 


9.93380 „, 30 50 


| 39,60870 L, 4th. arc 


19,80435 
9,9745 0 
9.82985 


19,80435 T, 4th. arc 
9.38215 Lys, 13% of 


10, 5220 L,, 5th. arc. 


Required 


of the Moon and a Star was 51* 28/ 


the true diſtance. | 
*% 242 4 to” pd 129 30 of 
— 4 ms Kt 5,.oþ 
24 45 57 12 25 48 
ai 48 T $8. * 

Ut as 9 13 20 48 

5 42 343==z diff. true alts. 
9.03774 Lys 25% 44 17% 


. 9,98636 Ls), 1, arc 
9562410 L,, 2d. arc 


J 9,62410 Lzs, 2d. arc 


0,04.202 D, 24 48 


| _0,0194 Lis.10":40 
| 5 L, 3d. arc 


9,95810 L, 245 46 
9.98810 , 13 21 
39,24684 L., 4th. arc 
19,62342 L, 4th. arc 


3 BEN | 
21755 4th. 9 8 19,62342 4 8:99775 1, 50 42 34" 
1, sb. SC eee e e ee ae 

2 Diſt, 23, 34. 50” 9,5356 5 


N 
EXAM, 


we pars WORKS. BookIX, 


ExAM. IV. Let the apparent diflance of the Moon and a Star be 102* "30's 
the Star's alt. 15* 25“; the Moon alt. 27² 30˙ Fang her hor. 1 57. * 
Required the true diftance. 


- Diſt. 1025 300; its-2==519 N a e 'o” ps + 27 22 5 0” 
* . * L A 2 88 3 25 — 

Be I 

Diff. = $ 28 18 47 $0 36 


e B OR 3 „ 47 
7 6 28 J diff. true alts, ; 


, z. 17. 5870797 55 Labs $19 15% 
Ly, 6 23 2.02223 
„ is * 9.13020 y,99601 wh, 1k. arc 


9.88804 Ls, 2d. are 
? 7 1 9.88804 LS, 2d. arc 
* . 5 o, 01591 1 5 12 
| | r 30" 
19,8440 1, zd. arc 
J 994466 1% 28 184“ 
| 9.98420 1 15 213 | 
5 VVV 
Zr, 4th, are BY 10588646 1988046 2 1, 4th. arc ns 
Do : 15 5 : 4 4] | 9.05223 Lys, 69 283 


2 5th. arc : ' 9499539 183623 . 
1D zn 36. ; 98589107 ir 8 LOTT WL 


"Dit. 102 11 12 
109. But of all the methods which hav yet been phe of for dining 
the apparent diſtance of the Moon from the Sun or a ſtar to the true, the fol- 
lowing one, derived from that invented by Mr. Viichell, late head maſter of 
the Royal Academy at Portſmouth, and printed in the Nautical Almanec 


"a 1772, is perhaps: beſt adapted to the diſpoſition and capacities of ſeamen 


in ge eneral ; as it is very ſhort, requires the Jogarithms only to four places 


gures beſides the index, which may always be taken out at ſight with- 


out making wy proportions, and yet the reſult will 85 [NODS exact, 
PRECEPTS, i 


iſt. 5 the Sun's refraction (55) take his arcs þ inaltitude ( v. 319.) 
and the remainder will be the correction af the Sun's altitude. The cor- | 


rection of a ſtar's altitude is its refraction. 


2d. Take the proportional logarithm of the Moon? s horizontal . | 


out of the Nautical Almanac, inereaſe its index by 1o, and ſubtract the log. 
co- ſine of the 's apparent altitude from the ſum: the remainder will be the 
proportional log: of her parallax in altitude; from which take the Moon's 
refraction (55), and there will remain the correction of her altitude. 
Za. Add the Sun's apparent altitude to the Moon's, and take half the 
ſum: ſubtra& the leſs from the greater, and take half the difference. 
Add together the co-tangent of the half ſum, the tangent of the half dif- 
ference, and the co-tangent of half the obſerved diſtance: the ſum, reject- 
ing 20 from the index, is the log. tangent of an arc A, 


4th. When the Sun's altitude is greater than the Mwon's, take the dif- 


ference between A and half the apparent diftance ; but if the Moon's al- 
titude be greateſt, take their ſum ; and to the co-tangent of this ſum 
ber „5 add the . of the Sun' 8 * altitude, and the 


1 


92 * + * 


* | 8 proportional 


2 SL 


wh 
iy 
yu 
Ez 
* 
xo 
. 
*% 
* 
910 
8 


Sy 


— 


| 1 
proportional log. of the correction of the ſun's altitude; their ſum, when 
20 is rejected from the index, is the proportional log. of the firſt correc- 
tion of the apparent diſtance. . n 1 e 
Stk. If the diff. of arch a, and half the apparent diſtance was taken in 

tte preceding article, take now their ſum; but if their ſum was then 
{ Taken, take now their difference, and to the log. co-tangent of this ſun or 
difference, add the log. co-tangent of the moon's apparent altitude, and the 
proportional log. of the correction of the moon's altitude: the ſum, reject- 
ing 20 from the index, is the proportional log. of the ſecond correction. 


. 


SHth. If the arch A be leſs than half the apparent diſtance, the firit cor- 
= erection muſt always be added to, and the ſecond ſubtracted from, the ap- 
8 parent diſtance. But when the arch A is greater than half the apparent 
daiſtance, both the firſt and ſecond corrections muſt be added, if the ſun's“ 
Altitude be leſs than the moon's ; but if the mdon's be leaſt, both muſt be 
ſubtracted, to give the corrected diſtance of the ſun and moon. OLE 
8 th. Add together the proportional log. of the ſum and difference of 
. the correction of the moon's altitude, and the ſecond correction of the 
bpoDbſerved diſtance, the log. tangent of the corrected diſtance, and the con- 
itant log. 1, 5820: the ſum, rejecting 10 from the index, is the propor- 
; Cd tional logarithm of the third correction; to be added to the corrected 
' WO diſtance when it is leſs than oe, but ſubtracted when it is above, and this 
gives the true diſtance require. C As 
 _ Exam.I. (See page 300 and 302.) Given the apparent altitude of the 
2 Sun's center 32e, that of the Moon's center 24 and the apparent diſtance of 
== Their centers 68* 42/, when the Moon's horizontal parallax was 58“ 39” : 
F = Required the true diſtante.. | i he oh PEG AC e 
4 The refr. on the ſun's alt. 1 31” | The J's hor. paral. 58' 39“ P. L. 10,4870 
& The ſun's paral. in alt. o 8 | Moon's app. alt. 24 oo' coſ. 9,950 
be Correct. of the ſun's alt. 1 23 | Modn's par. in alt. 53” 35 P. L. , 263 
2 Suu's app. alt. 329 oof Refraction 5 | 5 
1 Moon's app. alt. 24 oo Correct. D's alt. 41 28 1 
Mp S 56 00 _ half is 28 00' co-tang, 10,2743 
SY - Difference - © 60 © half is 4 00 . tang. 8,8446 
"| App. diſtance. 68 42 oo half is 34 21 Cco-tang. 10,1053 
1 Firſt correction „ 2224 Arc 4 10 53 tang. 9,2842 
"3 Second correction — 23 6 Diff. 23 28 co-tang. 10, 3624 
1 by »Corrected diſt. 68 19 162 Sun's alt. 32 0 co-tang, 10, 2042 
correction . 7 Corr. O's alt. 1 23“ P. L. 2,1143 
1 True diſtance 68 19 24 Firſt correct. o 221 P. L. 28,6809 
V 45% 14 co-tang. AE 
mr OR 3d | Moon's alt. 24 oo co-tang. 10,3514 
1 b „n da alt. $1. 28“ P. L. 0.5437 
3 Second corr. 23 6 P. L. 5,8916 
e S8 ii z .. 0,332 
Te oy Difference 28 11 . af 0 
e ; Corrected diſt. 689 19 tang. 10,4005 
5 Conſtant logarithm . 1,5820 
1 TN h Tied ehr. © k. L. 3,1679 
1 e . 8 rl 


- 
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ExAnt, II. (See 301 and 303.) Let the apparent fene: of the Moon 


and a Star be 51 92875 35% the Star's altitude 24 48, the Moon's altitude 12 
307; and her horizonta parallax 5& 15“ What tis their true diſtance? 


The rens. on n the & 5 alt. is 2 3"40' s hor. paral, 56. 15” F. L. 10,5051 


. Ds app. alt. 12 300 9, 

ant 3's par. inal l. 77 

App. alt.) 120 300 »'s refraction 4 12 

App. alt. * 24 48 Corr. D's alt. 50 43 

Sr 37 18 half 1: 36 414 804 7 104717 
Difference 12 18 Hal $0104 11455 lO 11 fi5 f 9,0324 
Obſerved diſt, 51 28 35” half is 25. 44 10,3120 
Firſt correction — S - Area. 4.51340 4 98211 
2d correction — 18 54 Difference 7 47 10,8643 
Corrected diſt. 51 9 33 Star's alt. 24 48 * 10,3353 
3d correction _ 15 . *'s refraQ, 2 3“ P. L. 129435 
True diſtance 51 9 48 xt correction 8 31 
„„ de 44 00 M0) 1! GIGS 
Note. The true diſtance, D's alt. 12 30 * 10,6542 


computed with the utmoſt ex- Corr.) 's alt. 50. 43” . I. 0,5 501 
actneſs by ſpherical __ 2d correction 18 54 P. L. 00,9788 


metry, is 51* of 54+ a "409 37 | Pole" 54725 


Difference. 4, 31 P. L. 7 O, 26 
Corrected diſt. 51 15% . . 


1 


5 ; zd correQion 0 15˙ P. L. 42,8413 


Exam, III. Let the apparent payed the Moon and gun be 102 30% 


the Sun's att. 15 25', the Moon's 27? 3 


and ber horizontal e 57 
O3“ Required the true 1 880 


Refraction on the ſun's alt. 3“ 25“ 1, y% hot, IP 57 04 P. ; 10,4990 


Parallax in alt. (V. 319) 8 \)'s app. alt. 27% 30's, 9,9479 
Correction of the ſun's alt. 3 17 | Y's parall, in alt. 500 38 P. L. „5511 


App. alt.) 27 30“ I d's refraction 1 49 

App. alt. © N Correct. J's alt. 48 47 : 
Bans": 42 55 The half is 2127 f 10,4057 
Dilference: iz 5 mes 6 27 's 9,0240 
Obſerved diſt. 102 30 The half is 21 —1 15 W 9.9045 
Firſt correction — 1 49 The arch a 12 411 7 9,3342 
ad correction — 20 32 he ſum 53 280ͤ & 975990 
Corrected diſt, 102 11 12 The ſun's alt. 15 25 10,5 5 
zd correction — 4 Correct. O's alt. 3 "n: P. L. 1,7389 
e diſtance O2 11 8 - iſt correction 1 49 P. IL. 1.9974 
| | The difference 39% # , 10,0906 
The J's alt. 27 30% 10,2835 
Correct. J's alt. 48 ½ P. L. o, 5070 
* 2d correction 3 P. L. —.— 
e Difference 28 10 P. * 38 
2 Corrected diſt. 102® 117 is 175 10, 6657 
Conſtant logarithm | 1,5820 


« 3d cbtrection „ p. L. 34571 


SECONDLY, 


* : 


OR of AR. anne ih, I I > a AO AIEAES 

CCC ot, 
e : a 5 Ns as oh 2 
Gag 2 a $f „ 


£55 * 


94 * 8. W OR K 80. 300 


bond vi 8 


1 10. 25 110 the time at which two propoſed celeſtial objects may be ſeen 
at a given Hance ; if obſerved from the center of the Earth under the meri- 
an for which an Ephemeris i is calculated, | 


In the Nadtical Almanac there are, ready compute, the diſtances of 
dme enlightened limb of the ＋ from the ſun, or from certain fixed 
BZ ſtars every day, at the hours 3, 6, 9, 12, 15, 18, 21, and at noon., 
2 Therefore ſeek in that Almanac amongſt the computed diſtances of the 
propoſed objects on the da 74 given for the given diſtance, which if found 
there, the time is there al 
But if the given diſtance falls between two computed ones, A, B, (as it 
i generally will) the correlpohding time is to be found by en et : 


book tx: 


= = 


L | Saying A the difference of the computed diflances A, B. 
Is ta the difference between A and the given diſtance; 


== - Co are three hours of time, 


To the Proportional time to be added to that of the di 5 A. 


2 N SE „ 
e 
as oe A ARS 
AIP og 
- : 


rl. Ar Ober ein- on the 217 777 Juhh, 177 3. will the diſtance between 
the Virgin's ſpike and the Moon's enlightened limb, be equal to 54 5647 as 
ſeen from the center of the Earth under the meridian of Greenwich ? | 


_— On the 21ſt of July the given diſtance falls between the computed 
MR. une at gh. and at midnight, viz. between A 55 31/7 30% and B= 
33 51/0 53/; ſo that the time is between gh. and 12h. * M. 
1 The difference between A and B is 45 a $9= 5977" and the differ= 
ence between A and 54 536401 is 07 35% 1 2115”. 

Then 5977” : 2115” : : 3h. : 1h. 3m. 50. 

And gh.-+ ih. 3 59. 10h. 3m. 59. the time required. 


111. To find 14 21 from obſervations made on the altitudes 7 the 
Moon and Sus, or Star, and of their di ances 


PrRECEPTS. 


il. Let the Iwatth be adjuſted to true time, or its error found, a few 
hours before or after the time of obſervation. | (58) 
2d. Let three perſons, each having a good Hadley's quadrant, make ob- 
ſervations 3 one taking the apparent angular diſtance of the moon 
from the ſun or ſtar ; another taking the altitude of the moon; and the 
Cid, taking the altitude of the ſun or ſtar. Theſe obſervations are to 
be made at one and the ſame time, which another perſon is to note by 
the watch. (44. 102) 
26 Let the obſerved altitudes be corrected for the centers of the obj jects, 
and then the diſtance be corrected by parallax, &c. to have the true 
_ diſtance of the centers. (108. 109) 
Ach. Find the time at Greenwich, when this true diſtance happened. (110) 
= 0 The difference between the Greenwich time and the ſhip's 228 is the 

9 8 e iſſerencs of longitude. : 


208. DAYS WORKS. Bock ix. 
3 SO , LOT Ll 
1 The beſt times of the day for taking the diſtance between the moon ang 
| 5 ſun, is from abut half an hour after ſun- riſe to about ten o'clock in 
| 3 the forenoon; and in the afternoon nearly from two o'clock to half 
3 an hour of ſun- ſet; becauſe the apparent time may then be derived 


from the altitudes of the ſun taken with the diſtance, in which caſe the 
watch is not neceſſary. If a watch be uſed, the altitudes for regu- 
lating it may be taken during any part of theſe intervals, and the 


diſtance, &c. at any time whatſoever, from half an hour after ſun $30.08 

+ Tiſing, to half an hour before it ſete. TEE Ly 3 

Theſe obſervations may be taken during the four days preceding the 

moon's firſt quarter, and the four days following the laſt quarter; 5 

which make eight days in each lunation, or about a fourth part of the 

| time between new moon and new moon, with a quadrant; but with . 
1 a ſextant for the four days preceding, and the four days following the 8 
quadratures alſo; that is, 15 or 16 days in each lu nation. 4 3 

The beſt time for making obſervations between the moon and ſtar, is 

during the evening or morning twilight; or when the ſea horizon can | . 


be ſeen diſtinct enough to take an altitude ſufficiently accurate; and 
when the moon has between 5 and 15? of altitude, or not exceeding 
20 although any altitude may be uſed with a diſtinct horizon, 
Chooſe a known ſtar to the eaſtward or weſtward of the moon, lying 
nearly in the line of the moon's path; that is, in a right line conceived 
3 | to paſs through the moon's center perpendicular to the right line 
| Joining her cuſps, or horns : but between the full moon and, her qua- 
dratures the direction of her ſhorteſt diameter points out her path. 
The diſtance of the ſtar from the meridian ſhould be two hours at 
leaſt, but a greater diſtance is better, if the apparent time be deduced 
from it; but if a watch be uſed, and the apparent time be deduced 
from other altitudes, this is not material; and the ſtar's altitude ſnould 
not be leſs than 5 degrees. | | | 55 
If two, three, or more ſets of obſervations be made, as near to each 
other as poſſible, and the means of the times by the watch, of the 
diſtances, and of the reſpective altitudes, be taken, theſe means may be 
eſteemed a ſet of obſervations more to be depended on than any ſingle 
ſet: or the longitudes may be computed to each ſet, and the mean of 


the reſults be taken for the true longitude. 


*- 8 
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Exam. I. Being by account in latitude 40. N. and longitude. 28 W. of 
Greenwich, on the 24th . Fuly, 1772; the watch being well regulated to 
apparent time, and the Hadley quadrants well adj uſted, the diftance between 
x neareſt limbs of the Sun aud Moon, and the altitudes of their lower limbs 
were | obſerved as follows, the height of the eye being allawed far: Required 
the ſhip's true longitude, Ro HTN fp 

Time 2th. 24m. Sun's alt. 4841“. Moon's al-. 80 10 Diſt. 60% 437 
„ 48 59 8 40 5650 442 
Means 21 25 1 48 5 „ 60 44 
Now Sh. time 21a. 25m.P.M.+Th. 52m. W. 22 zh. 17m. P.M. at Greenw. (57) 
At this time by almanac, the ſun's 4 diam. 150 48” d 9 310 oz! 
3 . Moon's + diam. = 15 14 1 gd} 
ae Fer hor. parallax = 55. 5455 
Then 60® 44/ + 3170 0 = 6115“ 02” the apparent diſtance. 
And 48 50 +15 48. = 49 5 48 the alt. of ſun's center. 
And 8 25 +15 14 = 8 40 14 the alt. of moon's center. 
Allo rad. : £ 80 :: 550 54“: 55! 10” the par. in alt. by the Gunter. 


Now diſt. 61 15” 2”; its 230 37 31/0 2 alt. 49% 5 48“ D alt. 8 40 14 
O ap. alt. 49 5 48 00 Ref.— 49 — 6 1 
D ap. alt. 8 40 14 2 49 4409 8 34 13 
Diff. S JN * 9 29 23 Par. + 55 10 
z Diff. 20 12 47 of app. alts. Diff. 39 35 36 9 29 23 


10) 47 48. t diff. true alts. 
| 9.70708 Lai, 302 37 31“ 


9,86619 IT 1K, arc 
9.57327 Ls, 2d, are 
9,57327 Ls, 2d. arc 
 0,18389 %, 49% 5" 48” 
_0,00499_L',s, 8 40 14 
119, 33542 L, 3d. arc 

| 9,81621 L,, 49? 4 59" 
9,99401 Lys 9 29 23 
13914854 Ly 4th, arc 
19,7282 19,7282 21 4th. arc. ö 
| . 952979 1, 199 47' 48” Bel be 


Ls 30⁰ 37 3 17 
L., 20 12 47 
L., aſt, arc 


 0,29292 
9783138 


IL,5, 4th arc 


L, th arc — 9586993 10, 04303 L, f, 5th. , 
4 Diſt. O 18 N 9,70259 | | ; 


60 36 the true diſtance, | 
Again, by the Nautical Almanac 1772, | 
The diſt. at 21h. is 61* 37” 35”"=a. And 613/35 4A. 
| 24th. is 60 11 37 . 600 36 o at ſhip. 
2 r, 
Now (I. 40) 85' 587/285, 966; and 61' 35 =61,5833. 7 
Then (. ) As 25.96 {Cty 2 he 52 Sm. 50b. time above A. 


(109) 


| . time A. 
_ Greenwich time Nr 
Ship's time | 21 25 © 
True diff. longitude N 
By account diff, long. of + 
| 4 Error 8 2 1 
a 3 ; Ex AM. 


1 
Ly 


wah 
, 
| 
- 
ö 
, 
% 
* 
7 
- 


310 


1 Diſt. 


DAYS WORKS, Back Tx, 


EX: U. Suppoſe in 1773, Nov: 6th, at 1b. 1. 14½ puren: 
time; being by Faye in 27 489 1078. long 11615 Z. the obſerved dif< 
tance between Aldebaran aud the Moon's Moon's limb ſhould be 58 30'& ; 
the Star's alt. 25" 100; the alt. of hl 
quired the ſhip's true longitude, 


Now Sh: time 1 4h. 15m. 14ſ. P. M —7h. m. rh. 3om. 14f. at Greens: 1650 
At this time ) An. 15 5 10” = hor. parallax 55' 4 o” by A Iman. 


And 592 30' 15% —15/ 1” = 58 1 5“ the apparent Akance 11 
And 8 2 50 +15 . en N yen 


Then diſt. 58 15 5”; its 222297 32", & 25? wa 0 | 
X's alt. = 25 10 V BP a: 
D ee N 27 7 7 5 | 


44 = "73x Y . 4 
| £5 48 Wn 8 58 = diff true alts. 
e Ly, 29% 7 ** 


o, 31 271 
9,16631 
; LE? — PAT 


* 
* — — * _ 4 Pn — 


Ly, firſt are 9.97934 1% lf. are 

= 9,60662 Lys, 2d. arc 

| 9,66662 Lys 2d. arc 

4 0,04332 1575 25* 8 

0700 IZ 1 8 18 

19938113 bx: 3d. arc} 

| 9,95680 Ls, 25 0B 

„ by 15 | | 2 07 

8 2 13933241 L, 4 arc. 

19,66620 19.6620 2 2 L, 4th arc | 

914412 Li, 89 of 38” 


1. , 5th, arc W Lots ** arc. 


3 
28 g7/ 22" 9758497 
57 54 44 che true diſtance. 55 ; 


Now here is given the ſhip's time 14h. 1 5m. 14. and the = 
Corrected diſtance betweenthe Moon's center and Aldebaran 375 54 44% 
Required the ſhip's longitude. _ 
By the FO Almanac: The diſt. at 6h. is 57 38/ * 238˙3 a.(1 
4 edis, 2 39 11 5 B 7 54 2 us 


1 8 8” 16 
| Now 0. 49) 93 2571 133'; 3 16˙9 W i e 
* Then 1 ) As # 93-133} i 3.1645 * 3h. 4 oh. 3Im. 13. time above * 
6b. time A, 
& 31-18”. 5 
14 „„ e 
744 1 
| 2 * 
. Error = kad. 
r 8 | EXAM, 


\ 


Ls 


RC 


Genie ume 
Ship 8 time 


True Gif. . - 
Dif. long. by account. 


Wy er * 2 e Hoop nn 


1 


1, Stb. are 22422 
1 Diſt, 225 200 52” 9.5 8004 
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Ex Ax. III. S on the 13th ril 1972, on beard a Ship in lat. 
5 ᷣ NM. and long. 707. alan 0 panes £4 with a watch and inſtru- 
ments well adjafted, the Ning obſervations were taken 0 4 the Star Pollux 
and the Moon 1 mb, then to the eaſt of the Star, the height of the eye 
being allowed for : quired the Ship's true longitude. 

Time gh. om. P.M; Alt. Y 's lower L. 16 457 of; Alt. 54* 59; diſt, 45 12. 


WF 2% 1 16 15 30 $4 20 45 14 

9 14 TCD A fa $150 pf 45 16 

27 21 F Sum 48 45 30 1 163 153 00 Sefn 135 42 
Meg 7 7 P. M. mean e Y 16 15 10 54 20 45 14 


Non. tim. gh, 7m.P. M. Tzu. 20m. W. Ih. 4. F. M. Gr, tim. (57). 
At this time by Alman, the J's ſemi-diam.=16' 26” 
and boriz. parallax==60 18. 
Then 45% 14/ + 16/ 267% 45 30/ 26// the apparent diſtance, 
And 16 15 to+ 16 267% = 162 3 36“ the alt. of the Moon's center. 
Alforad.:s 16% * : 60 18”: 57, 15” the paral. in alt. by the Gunter. 
Now dift. 452 300 26"; Koni 22 45 13. j > 545 9 1605 31 36”. 


X's ap. alt. 545 20 - | Re. ot | | | 3 11 
D's ap. alt. 16 31 36 A * 54 19 19 16 28 15 
r 3 25 5 = 1 57 
{ 1 88 Dit. 1 0 
2 Dif, 18 54 12 5.2 ales, ahold 5 3 
| | | 5 20 ldi. true alts. 

N 25 45 13 0,1264 9.58746 1, 229 45 13” 
IL. ; 54 12 2.815% | 
[bots il 8 9794304 222247 . 1fl. arc 


9.32493 , 2d are 
9.32493 ey 2d. arc 
| , 23428 J 15%, 549 20 
os 32 Ls, 1O 31“ 36 
18, 90246 L, 3d. are 
9.76584 1, 54 19 19 
292959 , 17 25 40 
 138,04789 1, 4th. arc 
ie LA Ab 1.19, 32394 7 Ls 4th. arc 
kr, Aer 19.3394] 950027 Lys, 18 26 30 
EEE | 932367 L., 5th, arg | 


4+ 41_ 44 the true diſtance.” | ; 


—c 


Again, by the Nautical Almanac I ril 13th 
Ihe diſt, £ 12h. is 44% 28 30”=a Hoh 30” 2 | 
ik. 1s 46 13 32 =B ot 431.44 at Ship, 
Diff. 14 2 =105-2%ia' 1 | 
Now (I. 40) 105 0277=105,0333 and 13 14"=13,23 33 
Then ola. 85 As $ 105,933 3 132233 3 i 3s: : oh. 22m. 40ſ. time above As 
| = time 4. 
5 72 22 J Greenwich time. 
27 ©. Ship's time. 
True diff Ion 3 1 
By ACC, diff. ei IF 26 * 


. Error 4 20==1% | 
. A 4 8 e . Msrfop 


(109) 


rr - - * . 
l = * 


— To this diſtance find the Greenwich time. 


„ Ars W ORS Book Ir 


„ 
1. Merrion XI. To JO the logitude" at fit by an 0 erohtion of 5 the. 
WE $a Bot: e | de 
f * ä 05 r 2 5 Nn TH oe) 4 eln oY * Q BN 0 8 mY 
| | N . men 10 £50 I N . 
5 R E C E P T 8. 5 8 : x; TE . ws 8 . I] 
rt, Find the Greenwich ume: to which, find e de (370 


The right aſcenſions and declinations of the Sun and Star, 
Ibe right aſcenſion and declination of the Moon, %- 


And the horary angles between the n of the . 
Moon, and Sun or Star.“ 1 e 56 


. co 


24; With! che Sun or Star's horary angle; the polar Giftrnee; 450 che 
ſhip's co-latitude, find the zenith diſtance. (IV. 253) 


With the Moon's horary angle her polar diſta 0 * Fe, ſhip's co- 
| latitude, find her zenith diſtance. I £ ae | IW. 253) 


3d. Theſe true altitudes are to be altered by G hs refractions, and 
ſubtracting parallax (in the Moon' 95 to have the epporent alti- : 


tudes. £ £ — 3 — — * 1 4 


22 97: 


4th. With. the apparent adde the true altitudes and the obſerved dif- 


tance, find the true diſtance. 5 1 801 


. „ +28 


Then the difference between this time tary the ſhip time is i the 
difference of ay er £2 | 
* 0 ed | 21 


REMARKS, CCC 


The right aſcenſion and Jeclinatidh of the . are D for the year 
1780, in Art. 312, Book V.: to which are'to be pre the yearly varia- 
tions, taken as. many times as years ſince 1780, 

The right aſcenſions and declinations for. the Sun are fund (in ables 
V. 309, 310, or) in the Nautical Almanac for the noon of each da and 
for the intermediate times by proportional parts. (V. 283, 284, 288). 
The right aſcenſions -and=declinations of the Moon are given in the 
Nautical Almanac. for every noon and midnight; the parts for interme 
diate times may be found accurately enough by proportional parts. 

The proportional parts for right aſcenſions and declinations are readily 
found, near enough, by the table, Art. 271. Book F wi 


. 5 
1 
1 * 


The herary angles are fans tbo fallowing 1 3 Fi 
The ſhip time in degrees, added ta the Sun's tight aſcenſion in alopebes, 


e ſum is above that number. E 

The horary angle at 1793 es the ſhip time. et oY 

The borary angle at a Star is equal ro: the: difference between the star 5 
right aſcerifion; and that of the mid-hea ven. a 


The Ps angle at the Moon is equal to the ae cs between the 


8 gives the right aſcenſion of the midineaven ; Ae 360 degrees, 1 850 


„ 
*. 


Moon's ri ght t-aſcenſion and that of the mid-heaven. 
h 


Note. The declination 2 Le ox right to 90 U ives the po- 
lar ce of that oj 8. eee 8 


IS 
a „ 1 of 
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. 177, November 15th, at 21h. P. 14 in a Ib 
1 15 longitude by a 7 E. of 22 he diflance o 77 


neareſt limbs of the Sun and Moon was OTA 4% be 112 ack 100% wo 
was the true longitude of that ſhip. 4 9 N >. 


Ship's time, 21> o® P. M.—ob 285 B ==20h 32m p. M. Greeawich 8 $44.5 
Nov. 15. O's 3 diam. 16 14"; Y's I diam. 15 34”; hor. parallax 57 7. 


For the Sur s right aſcenſion. 1 2 For the Sur? 5 declination. 
| h em 1182 43" 29” | 
| Nov.1 org *5 jot diff, 42 8018 27 8 diff. 14 54 
24>: * 320 224 8. : LY 32+ Jag 20 32" 14 54": 12 (430 + 
n — „ A 48 AY [30% 55,9 Wea 18 43 7 
FN Or 23213 3 0 tecination 18 * 281 
Por the D's right aſeenſin« : | Pe For the D's A es 
: v. i g. mĩd. 90-2. 116 17 02g] 150 41 
No 1d noom WET 4 4 26 diff. 138 
12: 8 32 225 0 8 24 lb 96.0 12 : 8 32 . 1 80 1* Ig: 0 537 
| 1 17 —4 | CoA 
Ds gh 155 423. 0 0 D 's declination 14 48 N. 
Ship time EE 318˙ 0 — hours. | 
© . | 2 13. = 
Mid heav.. | 185 13 * | 


D 8 right aſc. | 123 3 
D 's horar. ang. 64 13 30. 
'©'s horar. angle 45 0. 


For the Sun's altitude. 2 385 . the Moon' 's altitude. 
Siren O 3 ; Its 3==22*" 30. * G. » OTE 13 300 Ae 22 5% 
958284 0 7255 
1. gwep nn 9 
Pol. dif. 21 3 40 Lats 3057883 Pol dif. 1 44 1, 9.98535 
e Lo GIIINIENRL 60: © 1, 9993753 
5 Fr 3 2 397904 Dit. 44 75 39.3742 
„ 15 ,.53982 z 
1 5 31 50 Ly, | 8,98397 + iff 22 24 ' Ls, 9,58100 
2098385 1085585 . 9989609 10, 10601 
2 4 * „ |. 3810.00) 999098 - 
; 4 wy =O0's zen, diſtance, . 1 5 76 20 b 's zenith diſtance, 
47 $14=0" s true altitude. 13 40 D 's true altitude. 


Mo h 
wa As. | To 


| 94 : Þ- A. NS. 


a el the bene diflance of the centers of # the 
3z yas $7 19 ep 


vTi2*2@ 1 + 16147 #75" 
Jifſt." 112 5558; its 3 = 56 $6* 28" 5 


ds # Ire G 


O's alt. 37 30 o 's alt. 14317 . © true alt, 35 30 e 5 
Ref. +, 11 +, 332 ue ad. 4j PINT 
Apaalt. G 37 / / ĩ (% F 
— ee s * Jed 
* 39 32 "my 52 2: | rs D u vert 
mY: 5143 13 39 32 45 b di true alt. . el 4 
— 11 53 52823 diff. app- alts. 1 7 25 8 TOR 5: 
Ls os 28 59 ITE 0,07298]. « oe u, 56 > 59. 
en 11 . 18 931541 0 N i N 3 8595 
W ReY 14 1b 2% 
1,7 1K ane 9.39499] . 1. 7, iſt, arc. 
© ous | 9.90793 16, ad .. The 5 
; | 9299723 bats i2d. are. Hr Kier 
| WNT o, 10066 x 320 31” 13% 
E 0, 01246 vs) 1K 39 33 * . 
"Fax" ts 1——— ARTS. 24% 
. — — | 1992758 15 Be: arc. | 
oy 2 989947 „„ 
25 8 9598 592 177 14 34 5%, ; * * 
; b 581 L, th. are. ot 
15 1439-31296. 1, 40 
Ir, 4th arc, 19.90648] 1990648 21, 4th are. 5 
| 9231758. 11 59 Io; 
,, 5th are. 9.98604 ee 57, 8 a. 
56 BSc: | 9% 20% % %/%f He: | 
112 44 N true Aiſtanes of the Sun's ind Moon's centers, a : 
e 5 b 
Nov 35: «At wa aig, u g51' 71 ARES: - >. oo 27 
i 2 21 Xu: + 9 
5 7 - X — f 7 S 
1 3% 19 90 . 7 by a7 
| Now g. 40) « 90 2 283 J and s. d 
Aud (L. 46) 90,316 : 67,4 [LE 1 L V e 
Greenwich tüme for the true ail. 2 þ+ 14 Me 8 . 2 
| Ship” me: for that diſtance - 21 eren e 3 
| 2:40 
 Differencecof longitude | in time 0145522 © e 
"In In degree Ws IVE Ons 11 20 30 E. N Bod. i, 5" 8 
itude L rec _—_ 4 — 
e hd Fr RN 11 NS: V&A 
Error in reckoning, * 8 4 20 — — 
* a ExAN 
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Ex Au. II. Nevender q, 1769, a Ship in latitude 28% 1 M lmoituds 
a 14/ M. of Greemoich : * 1760, the diflance of the = uila to 5 58? 
3543 from the Moons neare 4 imb, at 60. A in. 4 big time Required 
the ſhip's s true longitude. l 


Now 6 The 4 P. M. - 3 gm GW =g6 405 P.M. at Greenvich, 


For the Sun's right aſcenſion, 
Nor 9. © R. A. 14) 592 477 diff, n ; 


n e 
. | Then 75 :9 4% 431384 
$ 15 11 30 47 


15 1 cl © 

| Bur % Hquila's right „ 4 Fur . Aquila's right Aale, 
1764. K R. A. 19 399 16? 11764. K's declination 5 150 5 
z years variat. + 8 12 | 5 years VAI f + | 

| 1769.%'sRA.1 19 39 2822945 52% 1769. * & *s declination 1852 5 N. 
Por b's right 9 3 For 35 ee 
Nov.g.n. )*sR.A. 80 167 Nov. g. n. ) 's decl. o 38 N. 37 
5 2. midn. * arb; 15. 3 midn. 3 1 dit. 4 36 
Now Izu: 9 40 :: : FRY MN CH. uf 9343520 36;: 2* 6+ 

33 77 7 — — — — ; 


30 16 | 5 0.08 


's R. A. 8 353 18 58 declination. 2 44 N. 
— Ship's-time 979. 46 0 im 44 3 85 
San 's right aſcenſion 225 21 a 

— | 
R. A. mid. heaven 1 e 
Star's R. A. 2594 52 355 18 s R. A. 


X wett of h. meridian 28 e an. 0 11 )*% eaſt of meridian, 


1 To find the Star $ altitude. 555 | 7 0 find the Moons altitude. | 
_ Givenh. . 280 11 1 5 Given h. 4 30% 111 
9.38746 2 x 0 of 9,41558 
ä 7h 1 153874575 pole =150 5 21 Un 
Fes. b. 81 43 * 1 9.99846 D's P. D. 8% 2“ ts 9.99951 
Co: lat. 550 E Lf: OS IPR} Nene 65 45. bet 9195988 
$7” Fr il num ; Ks | 
8 6513 19 r | 19.395827 19.982) 
| Br 19,3 , 5. 86) 3 
{Dil 7 ph eee bie 104ghly game. 
| _ 9193333 0. 6e „ 8.90385 1012421 
vg 4¹ wr 3 18 61 49245 


Zep. di 31 2, and 58 k | 1 * f= 's tr.alt. 


—— —— 
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275 find the true ditnce betwern muede and; '% '' center. g 5 N 


Nos: 95 Cory 5 i 5 $2 Dit. of centers 580 . ERA 
Hor. paral. 58. 2 Then rad. : „, 53% 88 12” OP, cane, bi, 


Diſt, 8? 51”. 37s its £ oy 25 W's WES alt. 589 38% o” J's 539 39 * : 
©'s alt, r | Refr. + 0 el 
Þ's alt. 53.38, WS * 358 38 35 8 2 53 38 42 
Diff. 3 193 Wy 1 r YN 7. 352 
— eee ROT — r 
: z diff. 2 30 of the true alts, 2 1 dif. 2 47 12 app: © RS 
| 1 29295 $62 © 0.20860 9.69140. 1 * 4 das 
Lav, 2 17 . ee 
135 iſt a are. 7 2 8 2 ; : bete 9.99786 | | | 
us „„ 9.58926 \ Lads 1 6 
a 9,68926 Lys, ann, 
o, 28370 Lys 58 38 : 1. {Bs 
. 022125 | 175 53 4 8 
170 5 198054 1. 30. en e i616 e 
— 4971543 1% 58 3 
a + 9577302 10 53 zu) ogg 
a 12 855 wa | 55.3729 by "ath-aec, 
| 21, 4th ae - ys 19,68646|19,68646 2 2 1, 4th arc 
| ay; ; | a | 8.63938 in 2 30% 
152 5th « arc. | 3 | ; | 9.99825 LI, 4708 . Lat, 5th are. 8 | « 
29 11 4⁰ 1 9.68821 
88 23 20 the wwe tit of e ben p' center. "; 
Jack a e I. To find the Longitude. ee 
355 $5 59 29 51 ; © CPF Ft 23 a 
N ; | ; 1 28 14 = 88 oY -  42VE WE; 43 
Now, (I. 40) 1 28 e e is 2997%%7 
Wenn 1. 46) 1 6 en 2 4 JJ OTE ODS +5 
— * 2 "EOS, : 5 ; 22 7 7 5 A * 5 
Apparent time * Greenwich 9 as 32 £2: 
| | Ship 6 31 4. . 
a | « Difference ne 25 KOT: 12 254 · 5 diff dae | 5 
Longitude by account - . . 
e e eee, ee en, 8 
mak W+. 5 J TS IRR re. 
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Of a Ship's reckoning. 


113. A'Smre's RECKONING is that account, by which it ean be known 
at anytime where the ſhip is, and on what courſe or courſes ſhe muſt 
per ö 
9 Narr RECKONING. is that account deduced from the occur- 
_ rences; which are written on the log- board. | r 
The Loc Board is a large ſquare board, or pannel of wainſcot, 
painted black, on which is written in chalk whatever is thought worthy 
ol notice from day to day; and for a proper diſpoſition of ſuch notes, the 
board is uſually divided into five columns. The column on the left 

hand contains the 24 hours from the noon of one day to the noon of the 
next; in the ſecond: and third columns are the knots and fathoms the 
ſhip is found to run per hour, ſet againſt the hours. when the log was 
hove; the fourth column contains the courſes the ſhip ſteers ; and in the 
fifth, or right-hand column, is written the winds, the alteration of the 
- fails, the buſineſs doing aboard, and what other remarks the officer of the 
watch thinks proper to inſert. For it ſhould be obſerved, that it is uſual 
to divide a ſhip's company into two parts, called the ſtarboard and lar- 
board watches, who do the duty of the ſhip for four hours and four hours 
Men ht nf Vii THY e . 
The Log Book is a book ruled like the log-board, in order to con- 


F # 
* 1 ' 7 
: „ os. 
a E 3 
I «as. . 
1 * 
1 1 
191 


'  fain the daily copies of the remarks written on the log-board, which is 


. the only authentic record of the ſhip's tranſactions; and theſe are, by the 
| perſons who keep Journals, tranſcribed every day at noon into their log- 
NN from which they make the neceſſary deductions relative to the 
CC%VCC C . 
5 A & A SEA JOURNAL. is a book, in which is truly entered the moſt 
remarkable daily occurrences relating to the ſhip during her voyage out- 
mas and VTV 1 | 
There are various ways of keeping ſea journals, according to the dif- 
ferent notions of mariners concerning tke articles proper to be entered. 
Some writers direct to keep ſuch a kind of journal, as contains only 
an abſtract of each day's tranſactions, ſpecifying the weather, what ſhips 
or lands were ſeen, accidents on board, the latitude, longitude, meridional 
. diſtance, courſe, and run. Theſe particulars are to be drawn from the 
 thip's log-book, or that kept by the perſon himſelf; for moſt good ma- 
eee HD CS A ag I a ik 
Other authors recommend the keeping but one account, including the 
log-book and all the work of each day, with the deductions drawn from 
it. This method is adopted in this treatiſe, becauſe it repreſents to the 
- beginner the whole of each day's work: but when he is well verſed in 
this method, he may abridge what part of it he pleaſes. But it is con- 
ceived, that a journal neatly kept, with all the particulars of the work 
commodiouſly ranged, will give more ſatisfaction to thoſe who may after- 
wards have occaſion to inſpect it, than a journal containing the heads only, 
with all the intermediate parts ſuppreſſeeſc. EP 
The method here made choice of, to introduce the young mariner into 
this capital part of navigation, is, by ſhewing him firſt how to work a few 
— * Mor FONT et BL . . 5 3 25 ann 55 | ſepara:e 


ans. 


— 


AE: D . | Y- 8 ö W 0 | R K. 5 90 * 
x — . 1 * a #7 | & 2.) R IA. 


ſeparate days works independent one of another, and then to proceed to 
n continued journal of ſeveral ſucceſſixe days works; for the doing of 
which it was judged neceſſary to premiſe the following obſervations. 
1 a reekon time in the aſtronomical manner; beginning 
at noon, and eounting from thence 24 hours to the next noon: The fc 
12 hours, from noon to midnight, they mark with P. M. fignifying after 
mid-day; and the ſecond 12 hours, from midenight to noon; they mark 
with A M. ſignifying after mid- night; and end their day's work on the 
_noon of the nominal day. Hence their ſhip account is 12 hours earlier 
than the civil account of time; and conſequently the Sun's declination, 
and other daily aſtronomical matters fitted for noon, muſt be ſought for on 
the day according to their account of time: but if they are wanted for 
any other time of the day, they muſt be taken out for the day which pre- 


dbeldes the given nautical day, which they are wanted for: 


Thus that day's account which is marked Sunday the gth of October, 
b an on Saturday noon, and ends On Sunday Noon. „ A $ 1 . 

II. If there is an obſervation for an amplitude or an azimuth let that 
amplitude or azimuth be worked as is ſhewn between Article 22, and 28 ; 
and then find the variation as is ſhewn at Article 29 ; taking care, in theſe 
operations, that the declination for the proper day time, and longitude, 


be uſed as ſhewn above, and in Book. V. article 2 Ay OY LIONS 
III. Correct each courſe; by the variation thus found, as at Article 303 
alſo correct theſe corrected courſes by the proper allowance for leeway, as 
rename. oo og nl} oe 1 
IV. Write theſe cotrected courſes: in a Traverſe Table, fum up tlie 
knots and fathoms, allowing eight fathoms to a knot, belonging to thofe 
hours in which the ſhip kept on the ſame courſe, and write the ſeveral 
ſums as diſtances in the Traverſe Table, againſt their reſpective courſes. 
V. Complete the Traverſe Table as ſhewn in Book VII. 36, find the 
preſent latitude and longitude as ſhewn in Article 52, 73, 74, Book VIII. 
and the following examples, and then will the ſhip's place be obtained by 
dead reckoning. b 1 . 
VI. The preſent longitude each day may be found either by middle 
latitude or by Mercator's failing z the one being prefetable, when ſailing 
nearly on a parallel of latitude, and the other When failing near the me- 
ridian. In what follows, Mercator's failing is uſed, when the courſe is 
leſs than ſive points, and middle latitude failing when it is above. 
VII. As che greateſt trouble in uſing the Traverſe Table, is to find a 
correſponding difference of latitude. and departure, or meridional differ- 
ence of latitude and difference of longitude, nearly equal to two given 
numbers, it has been judged proper to annex the two firſt figures of the 
natural tangent of the courſe, to the degtees at the top and bottom of the 
Traverſe. Table (VII. 69.) ; by which means the courſe may be found 
with greater facility from the diff. of lat: and departure; ot from the 
- merid. diff, of lat. and the diff. of long. Thus: Add cyphers-to the de- 
part. or to the diff. of long. and divide by the diff. of lat. or by the merid. 
diff. of lat.; look for the two firſt figures of the quotient amongſt the 
numbers annexed to the degrees at the top or bottom of the Traverſe 
Table, and the degree where it is found is the courſe or bearing ſought. 
Let 672 merid. diff. of lat; and 353 diff. of long. be given to find the 
_ courſes. 353, with cyphers annexed, bein Givided'by 6 gives „53 in 
_ - the quotient, which is found annexed to 287, the courſe required. 
A 7 1 | 117. EXAM, 
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118. EXAM. II. June 52. 0 1771, 157% gene in tie * 4 
ill this nbong. 


"__ F. and longitude 1015 per 
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* weſt: Fat yr the Rip ee bs e, nt 7 SN 
13 1 r . 92 EET 


Loe ee en 


8 NW 

+1 1] 6 e N NN 

wo 21 6] of BS 5. es f 

4515 a eee 

Eee 

4 85 5 4 | 

121512] 1 —— 

DO — * | 3 . 5 45'S DO 

Pr þ5} 94 Dep. lat. = 25 21 Mon. N 1565 
Ae | Preſentat. 28 15 8. Merid. ben 1768 
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5127 — Sum of lats.= $3; 45 M. «iff, lat. 188 
[41.5 E my — 5 N. lat. | = 26. mn hoy) of ry 
2 32 | 1 bi Ene. =. ob Orv yp E. 

1 ” | O 1 5 = , 0 — Wy 

[5 „ hes Tn, 11 — 5 ey x 
11.514 | Courſe is 8. 18. 30 Bo 5 
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by he en. 555 * in ahe Joe board being examined, it 2 that 


"i ſhip. is.clofe hauled on each tacks and one point leewa W 
ed (32) reduces the courſes to SW. b. S., 8. b 0 - e 
| "courſe for. the current. : theſe ſeveral courſes Nee Sg ected by Art. 30, 
for the variation 14 point weſt, give thoſe in the Traverſe Table, 3. to which 
the whole difference of latitude and departure is to be 78155 As, before. "= 
And hence the 55 latitude and longitude may be, found ither by 
middle latitude, or Mercator's ſailing ; for as the Hip i is ſo neer the equa- 
9] the difference: will be almoſt . SEEN ” 
a greater accuracy is required, whic is very rare wante of i 
in ſuch forall la es, the diff. of long. may erg ory each 5 | 
"thewn'i in Book VIII. W 78, and thence the Whole diff. Io 2 may be col- 
| lected; but there will be 00 8 difference found 5 7 h operation, | 
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Hefore the courſes can be corrected to put 
in the Traverſe Table, the variatiqn of the 

[compaſs muſt be found from the Sun's true 
amplitude; which may be done by article 22, 


or by working the proportion in article 23, 
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either by logarithms or the. Gunter. a 
lune 4th, 1772, the declination is 22 3a N. 
As coſ. 339 40“: rad. :: fin. 220 32“: fin: 2722 
So that the true amplitude == 62 38 W. 
Mag. amplitude d 18 
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(29) Variation 1462 = 12 20 
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| The courſes in the log-board being cor- 
rected by this variation and the lee-way in the 
2d. courſe, will give the courſes fitted for the 
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' IMadeira's lat, = 
Ly I preſent latitude = 
33e 40 N. Diff. latitude = 
2 $15. Sum of latitudes = 
30. 49 N. Middle latitude = 31 
*. 29 [Co- mid. latitude== 3 
32 + Madeira's long. = 1 
Cos middle latitude = 57 | Preſent long. 4 . 6 V 
; Depart. longitude”... a=" 16 5 W. Diff. longirude. = 0 . 
Diff. longitude, . = 1 35 W. Ide courſe (57)==N. 172 15 E. 
Preſent longitade © = 17 56 W.] The diſtance = 101 miles. 
Ia the work for the amplitude the lat. at Sun: ſet was taken the ſame 
a8 at neon; for although there Were about 36m. of ſouthing in that time, 
and ſd the lat. at Sun-ſet was about 32453 % yet the amplitude being 
only about 15 leſs, the alteration in variation would ſcarcely affect the 
Aiff. lat. and dep. found from the courſes ſo corrected. 
r e | 
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DDitf. latuude _ 
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120. Babu M Bejng ye rday noon in lat. 19 o G. lunge 40 
erved ib Sun's altitude to be 100 Tok when he was do 
r of the. tontpaſs, and 4 his. drelination 27: 27 N 0. 
ave e farled till this day noon, as. per log-board, in 4 current ſetting . 
compa WNW. 4 wile an bour > Ret OY the ſhip's Wk 1th ber fear 


fe] dies OE” to the and Y St. "Helens. % d £4 2169 nog 
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71 51.4 Nor: ENCE | Bee che Courſes can be 7 In | 
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0-lat. . -70 30 Co- alt 79 20 
4 --— Gor} ni = 


— . ͤ dae 1236757 58ů 8 
Di. "0837 \49-19=> 3 
| NNW. | NE... Then by the by the Gunter, the extent Sides” 585 8˙ 
S to 70 200 5 the ſines, will reach from 705 30 
= d ſome point beyond oe; reſt one foot there, 
Se Io | and extend the other to 40 19“; this extent 


will reach from the beginning of the verſed 
— ſines to the verſed fine of 67, the azimuth 
— — from the ſouth. Hence the variation will be 


— 


— eee eee 13 300 W.; with which the courſes in the 
19] 7 e ol FED log-board are to be corrected; as well as Tor 
roſ-p4 of Teh ng nt 1 the lee-way ; ; the ſhip being cloſe hauled: 
T For the bearing and diſt. of St. Miles. 
12 60 | Ist. Helena's lat. =r6%00'S. 9 5 
"Mx For the ſhip's Pace. __ ___ [Preſent latitude 217 25'S. .. 


Depart. latitude. = 19? 30'S. Diff. Jatitude = i 2 
Depar latitude = 4 s S. Sum latitudes N pins 
Preſent latitude. = 17 25 8. Middle latitude =16 423 
Sum of latitudes = 36 55 Oo. mid. It. © 0 
Middle latitude  _='11: 3 st. Helens? 100g e 9790 * 
Co- middle latitude - . Preſent long. = 1 26 8 
+ Depart longitude = 0, 10 E Dif. long. 5 nem. 
Diff. longitade = 1 BW. Courſe N. 7 300 (37 
Preſent longitudde 1 W. Diſtance 270 miles. 
Here the azimuth is worked with yeſterday s lat.; 115 it had been 


worked with this day's 3 the yarthtion own wow mw 129/30. 
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Ia the following > Journal almoſt all the circumſtances which ca Mibl „ 
| attend a day's Wor, in any common voyage, are introduced. T5 e ſhip- 
is taken from the River Thames, conducted through the Downs, down the 
_ Engliſh Channel, and from thence over the Oc: until ſhe comes in 
- ſight of her port; namely, Fonchal in the iſland of Madeira. In this 
Eee care has been taken to point out the uſual buſineſs that oc- 
urs in che like circumſtances of wind, weather, &c. The courſes and 
diſtances run down the channel are ſuch, as produce the bearings and 
diſtances of the places mentioned; and veſſels frequently keep a track 
not very different from that which i is here aſſumed. The aſtronomical 

_ obferyations are adapted to the times and places where they are put down; 
d it is apprehended, that the whole is n in barn ebe a en as 
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| Tis uſual, in Journals, to mark the days a the week with the charace 
_ "BY of the planets. ; 


Thus © ftands for 33 
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__ Tueſday. 
Wednesday. 
Thurſday. 
Friday. 
Saturday. 
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the Neptune, Lucius Maxt zv, EA; Commander, 
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July zd. At 2 P. M. the Pilot eame on board; or- 
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— wa * 2 4 
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dere 
NE. ford, and made ſail down the river. At 5 P. M. made faſt 
Ito the ſhear-hulk at Woolwich; the wind not permitting us 


NNW. to proceed farther. At 4 A.M: caſt looſe from the hulk, 


lend at 10 [anchored in Long-Reach; - moored with a cable 
Wo each way x. | d ts PSP ee 


* * * 8 % 


| board.- 


I diſobedience. Fine weather and moderate wind. > 
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| Þ. July 4th. Light airs and fine weather. . Mon 
moored, and failed down the river to Graveſend, At noon 
anchored with the ſmall bower.+ in 6 fathoms. LY 


in 7 fathoms. Fine weather and moderate wind, 
D. July 6th. Briſk wind and cloudy weather. At 6 P.M. 


| Weſterly: weighed and ſailed ; and at 2 A. M. anchored with the beſt 
I | b6wer at the Nore, in 9 fathoms. At 7 weighed and failed. 
C. July 7th, At.3 P. M. came to in Margate road with 


NNW. the beſt bower. At 8 A.M. weighed and made fail. Briſk 
| wind and hazy weather. | LE . Ec 


0 


my 


v. mx | yp. July 8h. At 3 P.M. came to anchor in the Downs 
 YArliP'®©* in 7 fathoms, and moored with a cable each way rz. The 


weſterly: town of Deal bearing WNW. and the South Foreland 


I is cuſtomary on board ſhips of war, as well as other ſhips that make 
long voyages, to have four large anchors, neaz:y of the ſame fize, called the 


ſmall bower, beſt bawer, ſheet, and ſpare anchors; the two firſt being always 
ready at the bows of the ſhip to moor with, or to let go as occaſions require. 


The other two are ſuſpended over the ſide farther aft, near the fore-chains, to 


be uſed along with the former in very bad weather, or to ſupply their places 


when they are loſt, Beſide theſe, each ſhip of war has three ſmaller anchors ;: 
namely, the ſtream anchor, which is about one - fourth part as big as one of the 


farmer, and two kedge-anchors, with cables and hauſers proper for them, to be 
uſed in warping the thip from place to place, into and out of harbours, or to 
ſteady the ſhip on ſome occaſions. FER YT 
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When a ſhip is moored, the lies in the mid-way between two anchors; and 


then fhe is mored with a cable each way, the anchors are two cable lengths, or 


250 fathoms aſunder, and the ſhip rides in the mid-way between them. To 


place a ſhip thus in a ſtream, or in a tide's way, one of the bower anchors is 
let go, and the length of two cables veered out as the ſhip falls down the 
ſtream; the other bower is then let go, and the cable veered out as the othe 


is hove in, pntil the ſhip is in the middyy between the two anchars, : 
{ i , b : | Fournas 
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ſhip to be caſt looſe from the ſhear-hulk at Depts 


138. uly 36. Employed taking the gunners. ſtores on 
| ead the articles of war to the ſhip's company, and 
puniſhed Simon Sturdy with 12 laſhes, for drunkenneſs and 


I ©. July 5th. At 6 A. M. Weighed and turned to wind- 
NNE. ard down the. reach; and at noan anchored in the Hope, 
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ISW. b. S. ſent the pilot on d ſhore. Moderate wind, "and 
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39 T3" July th. "The folmer part of theſe 24 oa "brit | 
$157" wing and 2 weather; the middle ſtrong gales with rain. 
„ At P. M. got down the top-gallant- yards. At 8 ſtruek the 
*'7.*{yards, top-maſts, and ebe e maſts. At 2 A. M. ex- 
- »-: jceeding ſtrong wind with rain: let go the ſheet- anchor un- 
| + {der foot. #369 | 5 4 | 
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2 July 10th. More . P. M. hove up the- theet- > 
3 aka and got up the yards and top-maſts. A. M. over- 

**Thauled the rigging) and *t. it * e weather with 

| CW Te, . 


25 | * 


h. July: „Iich. Briſk- bf and! "Hin x" RE p. M. 1 
flowed hs boats, cleared the decks, and made all ready for 
going to ſea. At 6 A. M. unmoored. At 8 weighed and 
Riled's and at noon the South Foreland bore NW, diſtant 
5 miles. 25 
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2 $SW. ZW. N TW. Little wind aud fine weather. | 
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oon in ſteering ſails and 8 fails. 
| North. Moderate wind amd fine weather, 
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Weſt, | N. b. E. [Ditto weather: Wo 
WNW. JW. hs a Faiclight point N. b. W. about 4 miles. 
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Moderate wind and clear weather, 
Beachy head N. b. W. about 6 miles. 


Briſk gales * cloudy. 
Took in a reef of each elt 


21 00 ASG. 
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| Benbridge Point NW. 5 5 leagues, 
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Bb 3 „„ Journal 


8 # <P was os © he.” AP SF. N. n 
5 7 ournal from England toward Madeira. 
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He. K.K. | _ Courſes, -A. Winds. | Remarks on ), July.23th, 1772. | 
- 1-2-6. "WNW... N.b.E: Frech gales and flying clouds. 

> 2] 746. | .-. þ:- -  fPannoſe WNW. about 7 miles. 
41 71.4. AEGIS rot Od >a + Ditto weather. Y 2 

1 7 7 8 8 1 ... =. . | The bill of Portland NW, b. N. 3. 
" 8] 5| 4 NW. W. N. b. E. [Shortened fail. © © - | 
„„ e os: ie 

„„ ol ES $140k 

F 3 . 

Eb Weather as above. 

2 F 4 ; | bes 3 5 | 

13552 o 1 

ä Maderate wind and clear. 

- 5 4 * — — — : oe” I pr_ 55 

I 112 The Start WNW. 4 leagues, 
. Let out all reefs. 3, 
4 9 6 4 * 2. 3 CoCo » + 1 
1064 1 1 1 
Err =7TMerid. alt. © L. L. 617 .. 
112 6 1 > » Ram-head NE. + E. * | 


Courſe, = Y. L. At. in. Löng. made.]Bearings and diff. at noon, 
1S31*W. FAY + of 12” W. | «TE, x leap. | 
lere the mcridian-alt. of the Sun's lower limb being 6 18 8 S. the-refrac- 
tion (55) will be 30“ to be ſubtracted. - Suppoſe the height of the obſerver's 
eye to be 21 feet, and the dip of the horizon (55) will be 4 22”, to be ſub- 
tracted alſo. By the ſame art. the Sun's lemd-domerer on the 13th of July is 
16” 47”, to be added; conſequently the correction of the ap, ak. of the Sun's 
1.71. will be 1;/ to be added: and the true alt. of his center was 61 39%: hence 
his true meridian zen. diſt. was 280 2oF*S.z and as the Sun's decl. for that day 
will be foand 21® 45 N. for the noon of a place 4 W. of London, the lat. of the 
ſhip at noon was 50% 51 N. The Ram-head lies in lat. 50? 18“ N.: the ſhip is 
ther: fore 12/, 5 ſouth of the Ram-head, Moreover, the Ram-head bearing 
NE. 4 E. by compaſs, the ſhip may be ſuppoſed to have failed from thence SW. 
2 W.; or, becauſe there are two points weſt variation in the Channel,'SSW,'2 W. 
true: now under 24 points in the traverſe table; and againſt 12“, f in the diff. 
of lat. col. ſtands 15 nearly in the diſt. col. for the diſtance which the ſhip was 
ow the N at noon; and the true beating of the Ram- head from. her 
is NNE. 4 E. A . WW 
5 Price Pi merid. parts to lat. 50 18, are 3502,6, and to 500 5x 3483.13 of 
courſe the merid. diff. of lat. is 19-5» which being ſought for in the diff. of lat. 
col. under 24 points in the trav. table, will be found to ſtand againſt 117, 8 in the 
col. of dep.: 11, 8, or 127, is therefore the diff, of long. which the ſhip is weſt 
of the merid. of the Ram-head, the Ram-head being NE. from it: and this is 
alſd the long. made in this caſe, Thus the ſhip's place is aſcertained at noon, 
anti her departure (as it is generally expreſſed) taken from the Ram- head. 
But the method Which feamen penttally aſe in taking their departure from 
dan point of land; is to ſet the point by the compaſs, and gueſs, as near as 
they can, how far the ſhip is from it. They then take the oppoſite point of 
+ the compaſs for the courſe which the ſhip may be ſuppoſed to have failed 
from that point, correct it f»- variation of the compaſs (32), and with this 
courſe and the eſtimated diſt. they find the diff. of lat, and dep. as in any other 
courſe, and diſt,, run by the long. „ ᷣ K 
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; Ho] R.]F. 2 Remarks on N. x77) 4 . 
[1|2 | 4 |NWob. W. 1 om "wind," 9 Wer 7 
2144224 TS]; 
113] 2 EV NW. WSW. UP | WO | | IS ir i 
%% 755 . r ditto, 11 Jags 
24 | t is 
| 72 | x | 4 |NW.b.W. wow. | TRENT 
: 8 8:4 af one 4983s * [racked p Thick fog. bþ 4x #6 
924] SSW. Wel. | | INE bo 
[50 1 . | | is £ | $1 4% QO! 
5 N 11 24 SW. b. S. W. b. N. 5 ; { E 15 9-8 
124 2 | 4 f | ee Wascher arab ve. 8 , n, 
. f 2 "EIS: | | „ 48248 
3 | I 4 $ | \- I &. $04 
41116 WSW. NW. bias Weather. n 
a 8 12 W. d. 8. | w. b. N. : 9 | - 
| oy | . . f 6 4 
8 | I . 244 wy An 7 PIDV 1 hazy: little wind. : 5 >, 
— 9242 dn gona or BR We PT HL WET I gr def 
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3 12 reg 2 #1: Weath. do. mer. als: 4 © 's 1. 1. 62% 45 WY 
E . ; Corte. BiB. L.| =D ep. W in. Long. CL 2 CDT and Oſt at noo n | 
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| 'By obſerving the directions given for working the two preceding day $ works, the ſeveral ope 
ration will ſtand as follow. Noting onlyzt that although the ſhip ran twice on a NW. b. W. courſe, 
vis. from nova to 2 clock, and from. 6 to 83 yet that courſe is put down only once in forming the 
traverie table from the log', becàüſe as the ſhip is at the ſame diſt. from Go wind in both, and 
runs nearly st the ſame rate, the -leg-way: which ſhe makes,” -and of conſequence her true courſe, 
will be the ſame ; but the diſtances which the ran both times are added into one ſum, namely: 
41 and 33==$m. and put down againſt that courſe. On the contrary, when ſhe runs twice MSW. 
chat courſe is put down twice; becauſe being cloſe to the wind one time, and 2 point free the 
other, the would make more lee : way ftom 3 Oclock to 4, than ſhe did from g to 10, and there. 
fore the * courſes would be di different's- 4 poles being allowed in the former caſe, and'oly- 

| 4 of Lavin." che latter. | 3 
ip ol the horizon (55) 4 120 . The Traverst Tanks. enlan +. 


Refraftion” (59). 2 2 '1 rue courfe. | Ditt.}, N. S. [E. W. 


Sum 1 — — — 
| Sun's kml-Aiabetst 6e 1 PE NW WN 3,8 eren 7.1 
Difference Th! 70 55 "ve NW. 2 W. | 
App. alt! (@ ©s I. J. i 62% 25 0 8. Ly ** NNW. 2 W. | - 
Trapmer. alt, O cent. -I 8. b. E. E. 
True zenith diſt. % „ 5 ..* S. + E. R 
Suns declination(V. 309) 21 26 10 N. 88 W. EW. 
Latitude obſerved , -48 50 15N.. | SW. 1 8. 
Lat, from 5 ty. . . SW. b. 8 0 
MAL ras mer. pts. 2 8 WSW. 7 
| | of long. * W. 26, — — 
SY Long: an! 0.129% W. 2 5 n * a 12 "i 30 5 58 
be Lest. wade 7 1ogk ee Cour, S. 53 W. di I 0 22-7 
4 Fbr the bearing anc and diſt. at non. Cour 53 A 44. 75 555 23, 
Lat » Raroh-- 500 1Y/N, mer. pts. 3502,6 d. from 4 49 49 72 N.. 2 2713 0 
Lat. in +» 48 50 N. mer. pts. 3366,9 Lat. in by acc. 38.50 50. N. | a 


; C1 28=$8m. 21357 long. made==64;om. a — 
Did. za lea Th . 
Diſt. 32 leag N. 25 E. 657785 5 half of each 32, 25 Fournal 
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5 5 5 os Dit. weath. Mer. alt. 's 1. I. 63 

derte. Bi 8 Lat. In. Long. made.] Bearings and dil. 125 
|S.q1*"Whro8| 8 171 1472 470 2 N. 20 4. W. Ramch. N. * dil. 58 J. 
It. Ac 5. A. NM. or _ it was 715 8 at Tr (57): 


at this time the ſun's decl. was 2.1* 2 working the _Travenss TABLE. — 
log, up to the time, the lat. of the ip wes found 47? True. "Cour. ast. 


49: N. Hence the true ampl, of the ſun at riſing was N. W. b. W. fag # 
577 14 E.; that by compaſs was obſerved above to be 79%} ⸗; SWW. 91 


30, E.; conſequently the variation is 22% 16 W. (31) or|-. Sor * 
two points nearly). 3 
2. The ſwell ſetting from the NNE. toward the SSW.} * 
muſt carry the ſhip along with it; for this reaſon a SSW. Ta in 
courſe is introduced in the traverſe,” which variation allow. At. tom . 
ed, is due 8. ; and it is ſuppoſed the tip was ſet that way Diff. of lat. 2 
12 miles in the 24 hours. , | 
3-TheTrue lat. obſerved will be found 47* 28 N.; 1 in Dy — —— 
a8 that by account is 47 29“ N. the diff. of lat. by obſervation, and not that by acconnt, muſt be 
uſell with the departure in finding the courſe and diſt. made good, and diff. of gitude. | | 
Lat, fr. 48 50 N. Meridional parts 3366, ö 


Lat in 47 28 28 N. Meridional parts 3244, Long. from 10 AW. | 
Diff. 8 Ae Mer. e e 4 8 W. 
Di 3199 OR the Harte 8. 41% W. 5 bed . 4 47 V 75 
1949.; | 6 Look, made 2 312 W. 
Tat. Need 50 15 N. Meridional parts 3502, 6. 5 hg 9, WE 
Lat. hi 47 28 N. Meridional 108 2 I e e 
Diff. n * 50 Mer. diff. lat. 258,63 4 bert! in. | 86,2 
One third part ip Hence the Ramb. bears N. 339 E. dif. 68 leag- - . 
Here, becauſe the meridional diff, of lat, and diff, of long. are greater than can be found in the 


table, one third of each is taken to find the courſe ; then this courſe, and one third of the proper 
dif, of lat. give the oma in ww. 4 * tad | 
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| eee HSE. '$ 
184 6 þ Weather as above. SES; | 
4214 ; | 2 Th T2 
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23 | Moderate wind and cloud ß. 
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3 4 : | + ik | 
37 3 | au 
4 | $ | $ {Squ i weather, Tacked nip. HK | 
314 e od oo] | 1 
11 hs ORE A Ne 8 
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of the three caſes at Art. 81, 82, $3 3.5 
"Now 5872 is found in the dif. 8 


3 by the fore- | 
oy or diff, of lat. 12 
$,2 and the depart. 19,8, an 
; henee the lat. 0 2 be 
Wa: 30 N.: . but the tr true lat. b. 
ed will be found only 46% 25" N. 
_ conſequently the courſe by Eompats, - i 
or diſtance run by the log. or both, | 
muſt be erroneous, and therefore hefe 
reckoning muſt be corrected by one 


col. againſt 19,8 in the en col. T0 No 7 15 deres *the Gute 


by accbunt -for as 24h. * F th e "correQtipn 'muft be mate by art. 
* 


81. Now the dif, . of. lat. ſervation 1s 63, With Which; and the 5 
* -ecount 8. 19 © W. as the true courſe, find the dift,=67 miles. Moreover, 
e Mer. parts to the lat: fran, and lat. in, are 324% and 3151, ; conſequently 
e mer. diff. of lat. will be 92,3, which under the courſe 1 Was gives 327 for the 
of longitude. The long. made is therefore 30 2 3 and che Karben 
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FED 1 | = — Remarks,on hy Jay ach, 2 
| Jem — — oh mph — | 
TEEELYGSE 2 WSW. |Toderine wind, * . | + — 
Bk bs 342 . vo! EW. EL 
3-1 4 3 1 | eck. ö WSW. [Ditto weather. $3: 3 
4 4.1-2 | . 1 
2 2 : 14 SSE. SW. Az. ©'s cent. by comp. N. Wen 8 . ; 
a 7 i 3 4 NW. b. N. W. b. 8. Alt. of his 1. 1. 155 56" Var, obi. 12 12 W. 
n Weather as above. — | 
Jo 2 |- NW. | WSW. 7 „ 
10 S.1- | 4H 1 | | 4/4 © 
r 1 eo te „„ ? 
J Rainy, unſettled weather. 1 O44 
' i 3 12 2 NW. b. N. W. b. 8. 2 | N „ 1 
D 752 VVV jt 
1342 1 % Cen SEES 1+; #® Þ 
SIT + . Squally, with rain. 1 
5 12 4 13 | N | 6 : 1 
T0131: | | | ON 5 Rs "PS - F 
043] | 1 . 
81216 * [Weather as above. $16 BY 
o 1 3; WT es 
fro | 2 1:33 NNW. 1 5 J 
112 11 „ a 11100 0 A+ 8 
| Corte, Br. D 1 77 ep Laut, in.] Long. made. Bearings and IT 2 | 
N 19 17 8 100 4⁵412 N. 338 W. Kamh. N. 332 E. dil. 871 


It. To work the azim. and f. trom 'The. TRAVERSE TAIL. 
Hance determine what var. muſt be "True courſe. Dill. N X — 
allowed in correctin ng the courſes. 1* I TE. | wo 


| By Art. $2, 53 $55» e true alt, of SE. AE. 9 | 


the Sun's cent. was 16® 4". By V. F 
286, the San's decl. was 210 3 N. BN E. FE. 20 6 ** 3-5 ö . 
and, working the log. up to the time, NW. LW, 12 456 N | va 


the lat. of the ſhip was 462 10 N. N J 7 n 8 
Hence (28) the true azim. was N. ALE xv 2 n 


76 &'W. and therefore the variat. en e 1 26, 
(31) 22% 127 W. : confequently two | 1148 1 "1159 
points may ſtill de allowed i in cor- Diff. of lat. 1 16,5] Dep. 10˙¹ I 


| rectin the courſes. 1 ; Lat. from K N. m. pts. 
. e, formed the traverſe I at. in ENG m. coi 315147 2 
table, and worked the log. as in tlie 1 n 
Diff. of long © 15 W. m. diff lat. 24, 
margin, I find the diff. of lat. for Fae. W. + 
the whole day is 161m. N. and the 8. e Longo | 
dep. 10,23 W. Hence the courſe|-ong- made 3 382 W. | 
| made good is N. 32 20 W. and the diſtance 19m. Moreover, the lat. dy: r 
i 46 613 N. and this is taken for the /at. in, as there was no obſervation. 
The mer. diff. bo la ' oak 1s 24,9, which gives, under 32% in the courſes, 15” for 


the diff. of lo ſequently the long. made is 30 381 W. 3 
Lat. Ram-head | 50 18 N. mer, parts nw OP . 
Lat. ſhip p 25 41 N. mer. parts 555 | 
Diff. of lat. 33 304 2165 2168 N. 5. ong. made=10)218,5- 
One third i is 9 8 157 "ve 32s 2178 
| . 1 is ghd leagues. . a v. N. 331% E. ? 
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Forrna!nf "Fram, England toward. 4 Madrire 


Dopk IX. 


io. K. F. "Courjes.. = Winds. Kemarks on G, July 2. 2 i J 
28 — D 1 NW. — rin wund and <loud) . . A 52 14 
2348. W. c. 1 12 T4 
14] EUs inc ei be [Moderate wind ht hs weather. 
4 1% l Ihe weather as above. 
1. 4 1 E eb 
VVV 4 5 
B 1 
4316 1 Ditto weather, FEW 
(s13]6| Ps OY . 
46 + \" FÞ 4 | | | 
FI 4444S ROY PTR. e 
83 3 |. EL HO |Brifk' wind and cloudy. 
. Hi + 
10 3 5 1 | 15 : SABER, 0 5 5 
TTT „ 
112 4 | 2 TL 3 hazy. Mer. alt. @'s I. 1. 65˙ Is 
— Dif.| D. L Tb ep.] Latit. in. Long. made. Bearing: & diſt, at noon. | 
E re [$59 20N.| 4* AN. [Kam- b. N. 33 Ed ig. WH 1 
"X Point ! 15 2577 allowed for lee-way {| The Travernse T 4 1 
an che WSW. courſe, becauſe the ſhip. True Coffe. Pik. N. E. W. 
went faſt through the water. A quar- | eee > 
ter of a point only is allowed — the SW. b. 8. 6 5.0 — * 3.3 
SW. b. W. courſe, becauſe ſhe was a 88 W. 1 W. 57 —48, — 29,3 
int free; and none on ng SW.zW. SSW. . 23 6 2 2053 — 00 
courſe, as ſhe was then 74 Fe pores from th 2 1 
the wind. | Diff. of lat. =; f 74.2 — 4 
On caſting wh the ebene table, * wy 
appears that the diff. of lat. is only | Latit. from 40 4138, * 
74 m. S., bonſequently the lat. by ac- Lat: in by acc. 45 2 


—— 


count is 48277 N. whereas the true . 
lat. obſerved wilt be found no more than 46 20 &N. 8 to correct this error, 


- and determine by which of the three caſes (81, 82, 83,) it is to be done; as 


there has been no obſervation ſince the 17th, take the diff. of lat. made the 
28th from that made the 19th, one being N. and che other S., and the remainder 
(57˙7) will be the diff. of lat. made on both days; alſo add the two de- 
Null together, becaufe both are W., , and the ſum (5 3.5) is the departure 
Nr both days. This diff. of lat. and * give S. 43 W. for the courſe; the 
correQion muſt therefore be made by Caſe III. This courſe by account and 
65, diff. of lat. by obſervation, gives 60,6 depart:, balf the ſom of this and 
that by account is 57,0; this de N and 659 diff. of lat. by obſervation, give 
4. for the true courſe. This courſe and 93-4, merid. diff, of lat. by 


obſervation” ive 82“ diff. of long. for both days, which being added to 
30 232, the long, made on the 17th, gives 45 4 - a for the long. made on the 
Bs "The bearing*of the Ram head N. 10255 and 6 118 unn will be 
Found in che fame manner as hoes Nr 70 ng 7b. ES. mort "a Yo 
TN. 22 £ ? * 74 #> 3B (7 : $47 £543: < - 3 Journal 
Wd 
,- 
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[ 5 KF . dure hf Winds.” ' Remarks on * Jeiy . = 
4. 4 4 SW. b. W. NW. b. W. Moderate wind und clear. 5 G 
444 | | | 
3 * 44 F Fe . 5 V 4 "8 
Taj] 4 Mp 28. 2a! Light: aits intermixed with calms. MES | iy 
15 1 Is SW. WNW, | Tried the current which ſet W. b. N.] I 
1124 e ee ene EN. Z ofa k. an ho. þ 
1713 4 EA IBriſk wind and cloudy : took in ä reef ; 
83/5 1 | of each My | þ 
{9 | 3] 4 | SW. b. W. NW. b. W. ; ik 
10 346 5 ; 5 [: 
11 ; | ook in ad reef of the top-ſails, „ — 
| 12 3 S. W. | WNW. [Squally, with heavy rain. BEE; 1 
. 1 |2| 5 | SW. b. 8. W. b. N. |Handed the mizen top-ſalill. a8 
. Tailnts|- | Cloſe reefed the fore op-. 13.3 3K 
9 13123 4 > 3-71 28 
& la 1214] Squally, with ſhowers, 1 4 
1 5 3 f 1 % OS | iS 
1 { 6 314 | SSW. | Weſt. Cloſe refed; the main top-ſail, 1 1 
f 444 ee e ee 0 wa ſqualls of wind and foggy. | | 
e 193 | South, | WSW. | Saw, ape Ps b. B. about 7 rap] f 
ö 2 {110 2 6 5 TH EIS. * 2 : 2 x 
: 111 2 $ Handed the top fails. „ 2 | : 
2 112 22 A {Strong wind in quallss. 3 | 1 
3 cure. Di. 5. TET1 Dep.] Lat. in. Long. made. Bearing and. diff. at noon. | | 
I {To 58 [6742 (ir,3\a40 14 N. se 7 Ramh. N. 29e E. diſt. 132. 'F 
3 In working this day's log the tcllow- | - it ne TRAVERSE IAI I 7 1 
4 ing particulars maſt be oblerved. True Courte. Dit. a S. | EW. | 
I Only+12 points are allowed for te; IS. P.W W. 14 13 — 11 PTS 2 
1 way whilſt the ſhip was running on the S. 2 W. 11 tool i i 
785 firſt. SW. b. W. courſe, becauſe, al- IS. . WI W o 8. . 1 
7255 „D. W. 4 6 9 8571 — 2.2 3 
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as they are put down under their proper titles above, the. lat. by acc. being | 4 
Wen, the true lat. becauſe there was nd obſer vation. 2 1 
5 | 28 | Fournal a 


E 


t 


2 WV: * — 


rie. Bi. P. L. 


Courſe. 


, : 6-4 — - 
- , ; 
” 7 ; 
1 1 
4 F 
+ 1 
4 > KK : : 4 4 s . ö 1 
. 4 * * 4 
4 þ 
* . ; hs F L , 
I * PR 418 1 - — þ N * a — | 


' > 


n hts, Sk. b. 8. n 


Y. 


[S.522WI 40 124-7 1 -31z 143249 Nj 


545 


p. La tit. in. —.— made jZ<carings and diſt, at noon. 
5 W. fam N. 31 E. di 


i521. 


2 | 2 |þ : | 7% | q 
Mg; ® . Wore ſhip. 98 SW. 6m. | 
4 | 2 þ '{ NNW. | Weſt. e 77 9 1 
8 42 2 3 . ler a 4 
1542 * . | ; Faded ap the mately. en WS 
1% 7% TE Rene | Brought too under the miz. -fail. | 
8 1 7 . Variable. | ti 4 
9 [Up NW. off N. b. E. ore Balanced & ſetii 
© . * | 885 I 
Op WNW. off SW.b.W. Set the fore · ſail. j 
23 WSW. + Eaſt, More moderate. | 
F et the main · ſail. 
2 8 4. " | 2 N 
354 . = 3 5 | 
144513 | Moderate wind with rain, 
. 4 þ | | 1 Set the ; top-ſails. 
© 7 7 & & he 4 455 3 
713 W. b. 8. | [Let a reef out of the top-ſals. | 
183134] Weſt. | n Finn wil rain. ' 
92134 e e | 
912 
t 1 2 
212 


round to the wind. 
| ng __ 2 4% * power on the ſails, 


day's work: 
. 1 


In working the Jog. for theſe 24h. it 
is neceſſary to remark that 34 ts 
art allowed on the S. b. W. co 


cauſe both top-ſails are handed : the | 
ke quantity is allowed on the NNW. 


courſe. 


When a ſhi i bivas 


SEL, 


_ uſually expreſſed, the ti clo 


over to leeward, hich bhi head 
bogs ent hav- 


her way through the 
. 2 ceaſing to act on the rud- 
der, her head falls off from the wind, 


. the ſail which ſhe has ſet fills, and | 
gives her freſh way ou k the water; 1 
er brings her | I 


to the wind and falling — 4g 


which ating on 
head a to the ery thus the ſhip 

has a kind of - vibratory motion, coming u 
it again, alternately. 


and ſuch diſtance as ſhe. may be 
a mile an bour,. 


2 - 
5 x Re 
Sn? *S. . . io 4 1 
— 2 79 q 1 2 60 , : a £ F 
“ * . 5 e n wed. , | "4 

I. * 8 
} ©» * 

+ a4 % 


* 


The TraVeRSE . 5 
ed. 


l'rue Courſe. 
e, be- 


ow the points of 1 

falls off to, are noted, and put down in the log. 
the hours 8, 9, io, 11, P. M. and the mi lie 
the ſhip's courſe 3 on which the proper. lee-way 


ppoſed to 0 In 

6 points haye been allowed -for-loe-way, and the ſhip 
There is nothing particular ig 4 remaijni 

6 ſereral telaks are as 7 r their re 


> compaſs which. ſhe comes up and 
in the manner they are aboye at 


/ a 


94 © | oF * - 
4 * — is „ r % » * . 


ou 


* 2 e x 


pective titles. 
7 2 * * 
. #; owe = * i a „ 
an os ME " 
7 , , 7 


to drive . 
parts of this 


e point between them taken for 

and variation is to be allowed,  - 
the inſtances given aboye. . 
n 


29 


— 


ness ay 
OY — — emarks on 9, July 220, | 2 N 


by , * * 
* 11 F —— 1 
— — — Cz — ——— — 
5 , : F „ * 


7 


i 


. 

. 

F 
1 


— 
r 
2 ww 


- 1 F F r 
10 * p * 7 , >» 


— 
— A 


* 
x4 
- a 1 4 
CCC 05M 


Sp s head romnd the ole 


1 
„* E 
1 
* 
1 


15 * 


fr 8. v 1. 5 SW.bW. 


W 


ds es e wind, and fogg x. 


I 
2 
; 8 
3 pes 26 256 
N - f | 5 g 2 
; F | 1 
. a s 
2 48 y : N ; 3 * | 3 1 £ 
3.2 / ts Ditto, and hazy, Se $57 
| | 1 
jp ''2 1 Fr — 1 : 5 Pl 3 ty 5 þ- g N |. | aſe . | " 5 
49 | SSW TRIED LG 2 | N 8 
i + 


45 q | 
9 4 - 3 4 v4 1. LEG 718 bias and fine eather ; 


| | - 
p11 6 Ad 2 7 We 4 * 94 N 3 | „ 
. . 1 3 


S7 


| 6. [Flying clouds. Mer. alt. pat: l I | | 
* . made Bearings and diſt. at non. 


5* $3.00 | Ramb.N. 31%. iS, 


— 
LAG 
* 


{7A 
* 


* 4 + 


* > ts. 


DS 


* ee 
Refa "= (WSJ 2 +44 Fi "The „ 1977 © ht 
Sum Ne i Tre Courle. * N. * OP 1 W. . 
The fan's 3 5 48 1 | -|— — 
r SE. AR. | 
App. . KL L. 66, 23 _ 9. NW. #78 Bo 
Trae alt. O's center 66 34 1 b E. 4 K. | ; G 
Lone nich ait. 25 25; 3k. ike e 
un?s declination - 20-11 9 41 N. [: 5 
Latitude obſery. J 35 10N | © + | 
-The' latitude, 8 Aer. 1 ne | A — ß — 
ingly miles from that obſerved, th | Difference Abend e e ee 
muſt be corrected, as in Latitude from 921 13 
5 Wg eßeration. 9 8 43 4 Etter“ 
JJ 
Sni! 4 5 . 8 . ee neee n 
F 1 $9.3 1 Nr e 5 2 
1 5 ee th 30 8.26 | . conſeq a” 
F | * 
the Lb avi int . 27 whe 84. ' | (ag? 5 ith © 1 a "Si 


& 5: 


r 3 e e ok ; 
 Meridional parts 29412 |, $0 
| Merid. diff. lat. 1471 Posen. ar . Y 


5 15 We Courſe.) 12 4 52 25 W. Long. i ch 5 
BY . Lovgis. at F 53 . 
d kan e wil be found to bear N. 31%, an d bs diſt. 157 leagues, 


Fournal 


22 from 145% 20 


4 


1 is to be all 


| the- obſerved-diftance: of the ſun and. moon, SW. 24 


11 WSW. NNW. Nome ,. 1 | 
8} # 6 | | North. SY RS: f | 
41816 þ _ © 7\ "North, Jing e e % 
JJ 11 
N IS 
R N. bil ſoup Tue 8347 3 
of 3] 2 | SW. 4 
11063160 | | 1 4 
1116315 | Pu Wa 
12 3 6 : * 22 bas HTC ]vveather as above. | : 15 | = 
1] 3] 6 | 85 | Ada en 4 
n 15 1 19 5 
F 3] 3 24 | 5 "ot 53 
1443 2 n legen wind, and Hing clouds. >| 
| 364 ü aÞi+4 boot 2 1 alt 6 M. 4 the diſt, of the 
EST 43 8 neareſt 1, of he © and Þ. 84? 36 . 
„0. Appl alt. O's 44 19® 1647 the app. alt. 
os}. þ © | © ProftheY'aul 598 00 ' Hence the 
+ +40 6 = + Wt lon. f Oy hip A wag wt is . 
D | rror of t 22 in long. 4: 3 © 94.79 - 
12 a ——= -*|Merid. alt. . 1. 1. 67% 28'S. ; 
F-ourſe. . 555 Dep.] Lat. in. . 1. — 
o 42 4271 N. "diſt. 1851. | 


ihip go ag 1 the Whole 24h. no les © 8 "FRAYERSE . — 


ed in working the log. FF 0 it. 
deducing the longitude of the 2 from — — 1125 


the lun's ſemi- diameter found in the 9 IPL. LG 66 | 
Almanac is'15-48”, that of the moon 14 5; n | 
ang its augmentation, according ta the aſti Dis of a 5 4. 7 ©1423 3\ 
| tude (56) 14 3 bence the aper diftance of EY 
their wt was $59 22, che apparent Late from 7 3 N. 
Alkit, of the ſon's center was 19% 27', and that |Latitodedin _ $21: — 
ef dhe moons 88 41'; and it wil be found 
(1990 t that the arch a was 25 34, the firſt correction bf $57 Wegen 
14 00”, and the third +rf;, The true diſtance, was Re La $42/55* 36”, 
and (i 10) the time at Greenwich 19h. 14m. At this time the'ſun's declination 
was 19 55" 36, N. and by working the log up to + paſt-6 A, M. dhe latiude 
will be 42* 42 N. and, laſtly, the-erue altit. 1 the Qu was i 24 24”: 
1 e ſhip was 18h. 33m. 22f. and th 15 8 £59 98 9% Wy 

It will be found, on working the log, that the ff W. Gif. of 
"ho frem noon, the preceding day to + paſt 6 A. . Which . 5% 37 W. 
for the long. made at the time of obſervation ; wo. gun U am- 
head, 21 W. and their Ne 58. W. is 5 bf ip by account; 
conſequently the reckoning of long. is too 4; e ee 


ſhip was then under 
ins long of — — W. Which ische Finiſterre by 
account, and: :all Two Go for the n K will retpain of 
Fape Firifterrs "OY the * 


d the. long. 
F309" 25274 Nn Mtb od DD 422 * 4 U 5 Sau 8 Fa eee 
W e 


"Again becauſe” C _ OT SSW. by compaſs at 8:Þ t M., be: 
e ſanie metidian. By Working : * up to hat time 
Ong, 


„ 
3 5 . ds . FP £ 4 
K ” Te, ga ER „ Den — . 7 
VVV 
2 my : 4 3 


3 
e 
G - ; 


1s C 
8 1 
NN 


ry 


* x 2 
* 
* 1 * 
* . ; 3 8 * " 
4 . N * 
* 85 ” 
. — 
ol 8 
— 

+ *© p : . S 


ow OO ＋ 


G 0998 6 o 
— + 


Ad 


KY 8 
. = 
* 


a 
1 


\O 00-0 


| 2 
I 3 | | 
4 SST ; 


emarks on 


> 
4+ 
1 
: 

j . 


„ATS WORKS. 


1 . k 
w.z 
Tar ? AE * 15 
* > 
«i * 
+ 
45 i p 


- Briſ wind and clear we 


Ditto weather. 


e Ditto weather. 


ans $41 Weather as above. | 


| ; Obſerved azim. Q's cent. N. 
8 * ö 75 25 * 4 n 4s | &the alt. of his I. l. 


wu About z paſt 6 A. M. ob. diſt: limbs 

& ) 73 13754% alt. Ol. I. 200 25"4a 
Jof )'s u. I. 64˙ 41/4. long. ded. 115 
Brick wind and clear weather. [4 


1 


; 


8 
1 
500 19 
1. 7 567, var. ac W. 
[Weather as above 


, 


SS 
. 3s 


13 


0 % 

> f 

* 8 ; n ; 

N by 2 3 

' % r OY 
< 

*. ' 


$ 


ſi 


£ 

* 

* 

1 

5 

f 
. 


5 


110 . | 
| 6 T Merid. alt. ſun's l. 1. 69% 317 8. 
B. B. L.JDep. | Lat. in- | Long. made.| Bearings and d at noon. 
[150] 136. 632 70 N. 80 14 W. IRam-h.N. 29. diſ. 235 J. 
1 6 At * S. nas.) v i Fd The PRA VERSE TABLE. 
reenwich (57) confequently the Sun's decl. Fr Fee Rr THT. 
from the Nds I $94 19% 53/ N. Lees 2 og — 5 
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47 N.: and as ſhe made about a mile of 0 afterwards, the Me * 0: 
1 5 the mig at noon. was 33* 40 N. n is, the true diff. of lat. wa? 
141281 5%, With, which, and the courſe 18 W. found with the diff, of lat. and de- 
„ +1 *. » 0G by. account, and dhe diſt. 116m. This courſe, witk 1 34, mer. diff. 
„pk lat gives 57 5 for the diff. of long. 3 and, therefore, taking the long. made 
1 yeſterday to Be 10% 13% W. as corrected by the lunar obſervations, the lon 
. E Bape Fe 10 wy PORE, oa nee: 89: 1 
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= , FS * war * , 1 Wo . bi 7 4 a , & > * Py 
4%" 1 ry * þ WP #- * * a * Fat" * 3 . \ 
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r 2 — — 3 
— r — — n 9 
Hol K. IF. |--Courſes. * enk on 7 Toy 7 2, 1775. 271 
1 15 412 SW. bf Moderate wind and bazy. N 2 
; 213} a}. Ws b. S. D N 4 
: eu 511. "BY . FP 
: 1413156 N Moderate wind and clear weather. 
= [-| 316 . 1 1 V — 
5 * 8 2 4 2 12 4 | £ 85 £ $4 52 18 | : A | TAY * | 888 
Is alglt|  þ|} Land been from the E 
7 — 814 44 Weft. . 3 tee to be Ports Sancto. 5 
a 9314 een ether as above. VVV 
: „„ .. ROILD THEE As bh Bib 4 
1 13-4 3Þ NW. TS. P V 
1 J Weather the ſame. 1 565 
Z LAKE: |: bod le > ologr 051 | 
1 + 44 4 8 ha f W 3 
1 18 5 + 1 e g R ; | " 
Y b . F 8 bY LOT | 
3 yl 3 | 2 | | 3 * 4 1 oderate wind and hazy * i 4 
1 Nie. 0 n 41 
3 [2 3 Fol SOOT ev 7 Fi end 1 
913 5 Tot, „ Weather as abo pe. 1 
10344 w o. 8. NNW. {Porto Sancto North, (© - 
1-1-4 | 24 = At noon Porto Santo NE. 28. n in 
12 5 3 Dy = | a 8 adei. SW.b.W. Mer. alt. Ss “. l. 28 * FS. 
"Toarle. IL. Dep. | Latin. Long: made. Bearings and Gift. at noon. | 
WS Ee — 73 N 129 232 W. Funchal S. 30. W. aft. 5 Tea. | 
In working the los. for theſe 24 K. 17* of Abe 'RAVERSE IA8LR. 
welt variation are lowed, and alſo 10% for |"Trye courle., Did. 95 WE 
tce-way.on;the latter W. b. 8. courſe, becauſe — 8. 288 W. 5 . 
ie ſhip was then only ſeven points from the | 8 - mw [T1221 2 
wind. The traverſe table will be as in the | 8. 73 W. 123,85 
- margin, "where it appears that the diff. of | 6 qe 22 1 e 
S8. 67 W. 32 [12,5 [20-5 
_ latit, by the dead-reckoningiiwill be only: | . # 
S. 52 W. 127241 9.5 
2m m. . e by the obſervation, the hip 2 * 52. 
bas mage; 51,5 m. the latit: obſerved being |. — 227 | 
"322.4 $82 N. 0 correct this, I find the courſe a good,  Iceording 10 the 


G 1 g, is S. 62 W., the correction muſt therefore be made by 
Cate. II. Now againſt 5 1, 6, the diff. of lat. by obſervation, in the eo - 
lumn of 12 "of latitude, 4 againſt 72,7. in the de pari. Nahen. ſtands 
In the dif; col. over 54 for the courſe. The ſum of whe lat. from and At. 
in is 66e 282; half 55 which is, 335 e the middle lat. and the compte of 
this is 354 53; over which, as i courſe, and againſt 72,7, depart. ſtands 87 
in the ob. for the diff. of long. and, conſequently, the log. made this day 
at fl 34s 125 235 W. N ihe Ram-head bore. N. het Dna and Was 
iſtant 394 enge 221 3,0 . >? 80 
Again, Funchal, hich ; is in adit 32® 27 N., dere Sw. d. W. dy compels; 
that 18, 8. 39 W. kene and, the latit. of the ſhip being 327 487” N. the diff. 
NT lat. Was 11,8, and the meridional diff. of lat. 13, 5 the flip was there ſore 
m. diſt. from thence; and eaſt of it in x ay 11+ eee the longit. 
1 * by this Kew: is 65 5 . of Greenwich. 
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| 7 been judged 
| held plane; Ar, will be-refleted in the line 35 
1 i Har the Inge of reflection DRC; ſhall be equal 0 


* 


1 Auge between the incident and reflected ray, will 


Sale the Prins ple, upon Which [one if the priceding r 
e are founded. „ (Fe I. 
124, 1. The Theory of Davis's Quadrant. Plate XIV. . 11 8 


4 


To ſhew that the. arcs DF + HC e e ene i 8 


2 


n age Kt f. 
i Alte I Kern ge ad Aft; tk together. 
4 n the z Zen. "Gif =arcs — 1 Ade „. 


center. Nothing, therefore, muſt” be allowed for the 8 un's ſerni-diameter. 


126. 5 hes II. Of the Theary of. Hadley 8 Quadrant. f 45 95 15 


8 
25 be.litie Ari is horizontal. A 4 l 
77 


55 ring the) 808 ſhines. 
? 85 account of this uncertainty, l are © oblige to take the- middle 


To wing Aach been ſaid of this moſt excellent inſtrument, it "M 


ew alſo, upon what principles it is \conſtruQed. | 


2 mirror, %%% on ty 


. y of light-ap-falli 


to the angle of incidence DBA, DB being perpenn- Ng, + | 
dicular to EF: or L ru is equal to See... 

17 Let the a angle. of incidence DBA, be 30% the 
e of reflection. Duc will be EE” _ —_ the: hehe 
I in other inelthätions. Wa ts 
Ik, while-the-radiant 4 remains in the FOO 
2 the mirror Ex, by revolving round B, moves 
to the poſition "fe ; then the alteration in the Wes tt Gt 


be double che angle ſhewing the bee of poke" 23 55 = ' 
tion in the mirror. EE 
_ 2: Suppoſe. che mirror * 55 from the radi... 
. vt; then the perpendicular 30, goes 10 farther 
En A, into the poſition gd; and the 
- incident angle dna is:40? and the reflected an- 
oo age is 4 ; ſo the an e ARC is altered po 
” to 80® g diffetence o Ro; for nf change „ 
ſit in due mirror. ds 
- Suppoſe the mirror to change in poſition 10 
| $owards the radiant "A, then the perpendicular 


00 


* & > gan: into 125 07 nearer to the 8 And the e DB 
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of 


Us 
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Boo Book IF. DAYS WORKS. „ 
of 30 bees ds A of 205 4 fo that the 1 A Be is 40⁵ ; 
2 Ae was 60 chat is, by altering the poſition of the mirror 10 4 
N tle. ABC. was altered 20 degrees. v3 mY 
84 The he following propoſition was received from A friend : * Archon 
5 147 With a Hadley „ quadrant, _—_ | | 
; _ the angle of elevation under which BO oo 0 ; 
F - the abject is ſeen, is egual to twice 7 ĩð Ao 
£ ' the 3 the index has paſſed oueerr. 
3 be inſtrument or angle cg, 4 
: " is 45 degrees: eb is a reſlecting . ..... 
bi glas fixed parallel to cn: cp. 1 L- 
5 the index, with the reflecting glass 
> at G, ſo fixed as re 8 „„, è oh 2h I 
"2 4 when co coincides with : . . . ge 
= = the Sun, O & a ſolar ray re- H e Po Wu 
3 - fected from & to r, and fromr Et 
3 to z, the place of the eye: 7 —_ 
=_ - uE the horizontal line at the time oft the een | 1 4 85 
1 Then is the angle of elevation 100 equal to twice the angle BCD. | 
3 118 rer the reflected 2. bor incident . © GC= cdi. (1, 93) 
] And the reflected . HE incident aG E FLE= Z.FEL. (I. 95) | 
3 Nou 416c=( Lure ven +( PECSLFLES) £GCL+ 4 
5 W Or (£100=(4190 +4 00c=24n00 + cor | (7 ? ) | 
2 - Then ie Saeed. 8 | 55 EO yy A Ren. 


2 128. III. Of the Dip of the n 1 XIV. Fie, 12. 
* The eye being raiſed above the level of the ſea obſerves an horizon be- 
lo the level of the true one. TAL 
Thus let asf be the ſurface of the ſea, ES 4k height of the eye tows 
that ſurface, and AF the obſerver's horizon. Then the eye looking along 
 . xg för the horizon which dips below the true one by the arc aa, the ig 
1 rent altitude aB of an object B muſt evidently. be leſſened by the arc Aa. 
5 if the obſerver has his back towards the object s ; then looking along 
the line E, the apparent horizon now becoming the line Tx c, and dip- 
ping below the true one by the arc Ef, or Ac; it is plain the apparent 
P. altitude cB is too little, and muſt be augmented by the arc Ac= 1 8 
Conſequently in the fore obſervations, the altitude muſt be leſſened by 
the horizontal dip; and in the back obſervations, the altitude muſt be i 15 ; 
creaſed by the dip; bit. 4 in e eee add the "es CO and 
L 11 them backward. AN | 
129. 8 * the e Dips. - ff. 
Let "00 the earth's center, E the eye, and the tangent E f meeting. the 
ſurkice inf, where the ſky and water ſeem to meet; 3 E is a tri- 
t-angled at /, in which are known c f=cs= 08990 59 feet, 
0 's ſemidiameter; and cE=(cs+88) 205 beige of the eye 
_  - added to the Earth's radius: Then as cx; rad.: : c Cf: fin. 4 ce h, the 
TH nplement of — is e the dip _ 
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ty to be allowed for refraction, than when they ate ſeen wit Wen 


aboye the Horizon, 


DA X75 J W 0 R K 1 | Book IX. 


5 


130. . . Of Refrattion. 5 


Celeſtial Wiege the nearer they are to the horizon, 2 are feen . a 
larger portion of the atmoſphere, and conſequently haye a greater A. 


0 
titudes. 11 12 5 1 12 9 £33) AG £57 . (OY au 8 3 Th” 144 wy .\ hin? 180 


Ils ables ef refraction have been given by many aſtronomers, but that 
vrhich is eſteemed the moſt correct, was: Wand from the obſetvations of 
the late celebrated Dr. Bradley; WhO alſo found a rule for” eorrefting 


common tables of refraction: which is, 


_ Increaſe any given altitude by thrice the refrifiicn 0 on that altitude. 4 
Ten to the log. co- tangent of that ſum, add the log 1,755 


The ſum leſſened by 10 in the index is the log number of ee in i 


the refraction; which is more correct than the table 
Here 1,7558) is the log. of 57“ the mean refraction on an' Alt! 5 


This rule is fitted to a mean warmth and weight of the atm Alpttere, 
viz. to the height 50 in Fahrenheit's Thermometer, and to the height. 29,6 


of the Barometer. For other ſtates of the air, Dr. Bradley gave a che 


for a farther correction; but it is apprehended, that neither of theſe cor- 
rections need be applied to the table of refractions, for any obſervations 


but ſuch ene is een re not to be Ferre at og "a 


{#3 15 I * : A I : 5 ; 333 


7 137. CE, v. Parent, of th Rulles af 4s ride weed; 61 15 62. 


See Plate XIV. Figures 13, 14, 18. : coat . 775 


Let the cicels HZRN repreſent. the meridian of the place, , HR ihe — 21 
zon, and 2 its zenith or pole: 


the horizon, or by the diſtance of the equator from the zenith; conſe 


ra oe the arc RP (Sus), or the arc 58. e known wah {give fie: la- 
tit | 


But the arc zz is always equal. to the: fam of the ares 2 (Oo) 450 E © 
when of contrary names; or to their difference when of the fame name. 


When the object does not ſet, its leaſt: altitude x O added to the . 
7 or co- declination gives RP, the height of the pole above the horizon, 


or the latitude ſought: the ſame may be underſtood, were the leaſt al- 
titude above the ſouth point of the horizon ta be obſerved. Fi 


1 1 I 
Hence it will be eaſy to conſtruct any of theſe caſes. Thus: * _ 3 | 


£5 
* FA 9 


Set the zenith diſtance from 2; to the left 


north; and this gives E the place of the equator. = Chaps 55 
Then drawing the diameter E, 


to EQ, the latitude will. be 
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let vs repreſent. the axis, v being the 
north, and s the ſouth pole; the line EN the equator, O the place of the 
Sun, the arc 2 O the'zenith:diſtance, and E © the declination. : 


Now. the latitude is expreſſed either by the height of the pole tes 


if ſouth, but e to the) right if g 
north; and this giyes-O the place of the Sun. 


det the declination ſrom &, to the right if ſouth, but t the left if | 


and the diameter: PS at ripht ERP 
Du. 95 nt e as Y or 8 als 
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neceſſary to be taken notice f. 


| Then if A be the di 


entire da 0 
place, fen both the e e are made 
under the ſame. 


may be different from y;. Therefore in the 5 
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Io. the. ye D 1 3 Fee” Nichalas Facia Duillier, F. R. 8. ee a 


| SES Aue Navigation Improved, in which he conſidered more at 


than had been done before, the problem for finding the latituds 
— two obſervations of che Sun's altitude out of the meridian, with the | 
dige * which he ſtates in he been n. 1888 4 


* 


To find bas . by. two. altitudes of. the Sun, a the 2 time > Joo 


5 them. Juppoſing the obſervations to . have been made. from the ſame place, or 
rom different places, whether at {ra or 3 And likewiſe to an th 100 


1 the Sun's axtmatbr, at the times of bath obſervations. 1 
"Thus he propoſes expreſly to "diſtinguiſh. between the . bin the 


: two obſervations, are made in the ſame. place, and when, by the motion 
of the ſhip, in the interval between them, they are made under different 
_ Zenith's 3, which does not appear to have been attempted before. He alſo 


extends the interval of time between the obſervations farther than is 
uſually done, not confining them within the compaſs of one day; but 
makes them ſo temote, that the change in the. Nan $ cin dee may be 
is method of proceeding is this : _. 1 „ 
Suppoſing p the elevated pole, A and B $a two AG of the 1-8 * 
Ap, PR AB, ares of | ors circles paſſing through the points r, A, and 8. 
ance of the Sun. . the pole P in the firſt obſer- 
vation, and pz its diſtance in the ſecond, the angle APB . to . 
the time between the obſervations, whether. 1 W 145 
that angle. repreſents the whole interval of 
time, pr only its difference from one or more 
2 alſo denoting the zenith of the 


Here, if the interval of time be large, 1 


triangle aps from ap, By, and the angle Ap, 15 

he finds the ſide AB; then from the three ſides AB, Bp, nd; AB, . of 
the angles PAB, PBA may be known; alſo from az, z; and as in the 
triangle Anz, either of the angles ABz, BAz ; and in the laſt place, from 
theſe angles with Abr, or BAP, may be deduced the angle ZAP or zB, 


 wheyce in either of the triangles paz or PBZ, PZ my be an the 
4 diſtance of the zenith 2 from the pole. | | 


He likewiſe farther propoſes to compute the angles Apz, BÞz, for aſ- 
ſigning the. diſtance of each obſervation from noon, in order to Etermigs | 
the time of the day when they were reſpectively made. NT 

All theſe trigonometrical operations he performs by one axiom (See 


$ : | Ark, 225 Book FO in the doctrine of TI. triangles, which had 


4 7 ; been 


* ** 


HHaying found the point z, as before, he computes” in be triangts 


. | angles x 2 % Z ) x, together with the fide y x; he finds the ſide ꝝπτ and 


a 1 . J 2 
+ „ 2 1 p P 
N 5 0 W — 7 * my WS / 1 ID e o % 7 hs 4 . OE ; | | 
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been applied by others alſo, not only to the findin fa an angle from. three 
des given, but likewiſe'to. e computing c of the vg ofa ſide om two ſides, 
2 an angle between them. 

- But when the ſhip is in motion, * is not to be conſidered as the zenith 

i of the 1 5 in either obſervation, — in the firſt obſervation: the 

k wilt always be in a geſerihed on a, as à pole, and with 

5 1 2 AZ, ſuppoſe in x, 1 in dhe other obſervation will be in a 

ciĩrele deſeribed to the pole 'B with the interval 82, ſuppoſe. in y, the arch 

_ x y denoting the ſhip's courſe, making with *the meridian of the firlt ob- 

n the angle F . | 
This angle v x 5, and the length ofthe e are to be affigned by the 


Wt! north line. | 

ow. when the ſhip has been in motion during the en between 
the obſervations, and theſe two additional duta are Aaded to the altitudes 
bol the Sun, and the interval of time, Fact proceeds thus 


r, from Ar, AZ, Pz, the angle Az; alſo in the triangle Bz r from 
up, 52, PZ, the angle BZP,” an andffrom che angles Aur, Bz, the angle 
7 722 Which {the angle es AE and \B2y being' Sou nent will "Waal to 


” Fhben ſuppoſing - the diftatice ks "x7 to "hs 0 den ute 0 ahi the 
triangle x 7 og be conſidered as rectilinear without any ſenſible error; 
| Wi 2 e "ch 5 e * r 2 is fo ſmall, that x y meeting e in vn the 
angle r '® y may be Se as not Tenfibly differing from the angle of 
tze ſhip's courſe; whence the angle pzy having been computed, and 
_ _ thence the angle yz v known (n Z y being a right angle) from the angles 
12 v and 2 v », the angle 2 y x, Which is the complement of the angle 
Ae che ſhip" 8 courſe makes with Tz, will be known; then from the 


Sg "Ai ly, in the triangle && 2 from x 2 K P, and the angle æ Z P, the ſide vx 
|; is found for the complement of the ſhip! $ latitude at the firſt obſeryation ; 
2s alſo the angle Z Px, and thence the angle a r* n the diſtance of the ob- 
_ ſervation with. the Sun! in 4 from che meridian, f in which that on 
- was made. . e 
And farther, Picks" confidkting this" computstion, thoegh! it - came 
very near the truth, as an approximation only, from the aſſumption of 
the angles yx, and 2 v x, as equal, and the triangle z x y as rectilinear, 
de proceeds to correct the latitude, and the e r * e . 170 s 
| Moſs 3 1 | DTS 
He aſſumes at pleafire- two valhs Gor © WY ; + 2 Ui K 
2 * (or rather for the arch of a great cirele e 
paſfing through” z and x) one ſomewhat N 
_ greater, and the other ſomewhat leſs, than e ee 
tze value of 2 x now computed. Then 1 75 . . 
for each value of 2x, he * in the tri⸗- @&5 * N i 
og Pp xz from the ſides P 2, 2 x, and the * FIT 
_, angle 52, the fide px and angle * 2 ang -— SI 
and in the triangle P.xy from Pp x now” wet 01467 as 
N with x y, and the angle P & given hon the cone and difance 
9 the har from x to » he N P » ne the A x P bs Then 


from 


ITS VOR K S. 2347 
a : 60 ' . | 129 | 3 ? 3 
' F | | 45 „ 34 


Fenn the angles" rs, x37 finding che angle rz, and thence „er, 
| a thus computed; comes out equal to B; 2, then is the value of zx, 
_ - *\phenice it is deduced, tightly aſſumed ; but if the value in both the com- 
putations differ from the truth Px, and the angle z are to be corrected 15 
by the fimple rule of falſe poſition. WSA Ts LISA. 
hut this method of Facio is attended with an operoſe calculation, even 
"though the ſecond correction, which will always be but ſmall, ſnould be 
neglected. And the expedient propoſed by Mr. Graham {Philoſophical 
2 HHanfackions, Ne 435) of obſerving ö by an azimuth compaſs, the angle 
which the ſhip's courſe makes with the azimuth cirele of the Sun in one 
_ "of the obſervations,” which has been explained above (Bock IX. Article 
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As the preceding methods of computing the true diſtance of the Moon 
from the Sun, or from a fixed ſtar, requires a calculation, by. ſome ſup- 
poſed too qperoſe for mariners in general to be eaſily reconciled to; an 
inſtrument, accompanied with three. compound ſcales, is Pe by the 
late able aſtronomer, the Abbé de la Caille.: Theſe ſcales. are not de- 

ſoribed with ſufficient diſtinctneſs to enable a workman to make them 
with accuracy; but the firſt conſiſts only of two ſcales of natural ſines 
ſet at right angles to one anather, and is neceſſary only in his method, 
which requires, beſides the giſtance of the Moon from the ſtar, the al- 
ttitudes of that ſtar to be obſerved a little time before the diſtance is 


taken, and both the altitude and azimuth of the Moon to be obſerved 
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ſiome little time after, (ſuppoſing all the obſervations to be taken by one 
perſon.) The other two ſcales are the principal, and are contrived for 
aſſigning the effect of the Moon's parallax, and the refraction both of 
the Moon and ſtar upon their apparent diſtance; and are grounded on 
this principle, that the effect of the Moon's 2 on the obſerved 
diſtance, is to the parallax in altitude as the co-ſine of the angle between 
_ +»: the Moon's'azimuth circle and her diſtance from the ſtar to the radius ; 
and that the like proportion obtains in regard to the refraction of the 
% é OT TE Oo y on 
If z be the zenith of any place, za the azimuth  ___ 


circle in which the Moon is at); but by her paral- _ 
_ lax appearing in 4, and z & be the azimuth wherein 0 

= \the ſtar is placed at & ; a perpendicular, as AB, being 
„ let fall on D X from a; the parallax in altitude, D a, B Ac 
Will de to D n, the effect of that parallax on the diſ- hi 
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' tance D , as radius to the'co-fine of the angle A DB. 4 
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And 
In like manner if ) be the place of the Moon, D p the effe 


| & of the 
refractſon on her altitude, and ) c be the effect of that refraction on the 


diſtance N; Dp will be to ) c, as radius to the, co-ſine of the angle 
_ Þ ) © : andthe reffaction of the ſtar will have a ſimilar effect on the diſ- 
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N Nowe tbe triangle 2:3 . being project. 
ed orthographically en the circle pafing K OL 
3 through D*, as in the annexed figure, G. 
is Which y, r ate drawn from the 
center v: tough 2 let Gn perpendi- 
char te * F and Ku, perpendicular SS» | 
| to z p, be drawn; then is G2 the verſed fer ene. 
| 3 ns | fines and zn the co-line. of the r . N. ; 
Py ag, to the radius GR and alſo K b ORE 
verſed fine, and . the co-ſine of the W!ͤ 
angle 20 * to dhe radius K more, Ne Yo Oo 
r is the co- ſine of the arch a] a Fog Oo 
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3.5 = I to the radius'of the eile N , or gs Gn 
Hence if in any circle lines as F, T), be drawn from the center, 
making an angle & FD equal to the apparent diſtance of the Moon and 
Rar, and FH be taken equal to the fine of the ſtar's altitude, and FL the 

fme'6f the Moon's altitude; the perpendiculars Hs, and LKk, being drawn 

interſecting each other in 2, Lk will be to z as the Moon's refraction, 

3 br parallax in altitude, to their effect on the diſtance. And in like mant 

8 h ner 6H wiil be to uz, as the refraction of the ſtar to the effect of that re- 

3 fraction on the diſtance bf the far from the moon. But, moreover; in 

regard to the Moon's parallax, KL is the ſine of the areh ) Zz, the Moon's 

C 5 ry <a yon the zenith, to the radius T Nef the circle ; and conſequently 

1 the Moon's horizontal; parallax willi be to the effect of her parallax on the 

* Aiſtance from the ſtar, as F” >; the ſemidiameter of the circle, to 42 

, pen cheſe e gre two ſeales, relating to the parallax and e 

* | irefraftion;} are to be conftrufted. | But the method is attended with this 
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_ :neonvemiente;"thatwhen the arch Y & is ſmall, the lines Hz, Lz, will 
. croſs each other ſo very obliquely, as to make their true magnitude too 
3 uncertain; and this the author of the method ſeems not to have been 
unapprized of, by requiring that the diſtance ſhould not be leſs than 10 
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ugh ym. of the times 1 the Foo - wy ont the cine 7 High | 


8 7 | ater. 
Nap? e ee ors 15 f a 1 16.5 5 YI . I 


be 1 e in Book VI. Ait 220, 138 5 fot Wann 
puting the Moon's age, Touthing, and time of  high-water, frequently 
give..thoſe times many hours wide of the truth, and may occaſtion fat 
accidents. It has therefore been judged proper to ſhew how the times of 
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nigh⸗ water are to be found more accurately, unleſs when the rides are 
 made.irregular by ſtrong winds. | 


In the Nautical Almanac, the firſt. page of every enth. contains the 


Moon's phaſes at Greenwich; which are eaſily transferred. to any other £ 
| place, he longitude | of which is known, by the following 8 | 


RR. IT 0 the Greenwich. time af the. propoſed phaſe a . he's ar. | 
rence. of longitude in time e (57), «nd it will give the time f chat 4 K 
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The Times ey big rater 40 the ſy Yzigies are ne ily. the me! in mot 
En but the 9 — of High- water 225 day to day t between the ſyzi- 
es do not alter 48 minutes, as is uſually reckoned in pilotage ; the dif- 
ce being ſometimes more, ſometimes leſs, according as the waters 
are acted 955 either by the Tum of the attractive forces of the Sum and 
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relative to the Sun. ay: 
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"Ihe following table ® being uſed with the Mins of cher! phaſe of the 
oon, will, in general, ſhew the time of hi e the ter within a quarter 
of an hour of the truth at any known 1 wh n = 1 15 are TEE ur 
Nen * the winds. BID 
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moon being W fp Fat the time of high-water in that pert on * other day. 


. Sotur ton. 
1K. In the Nautical . ſeek in the given Wen Wi in that i im- 


s neareſt to the given day; and take the difference of thoſe times. 
ad: In table (1 38.) this diff. of time gives an equation, which being g ap- 
plied to the time of the ſyzigie high- water for the given port (IV. 237) as 
its title directs, gives the time of the afternoon high water in that port. 
Dat af the time * the morning high-water is required. 1 N 
e o as directed in the Iſt article above, and iporeaſe the bd a 
by 12 hours, if the given day falls before the phaſe; 

"* diminiſh it by 12 hours, when after the phaſe. OE 


| [IV. 137) gives the morning time of bigh-water.' 
L Exam I. M Portſmouth, where it is higb- water on the Gatter 1 11. 


Fannary, and on the 2d of February, in the year 17733. 
Y ere the neareſt phaſe to January 13, is Jan. 15d. 10h. 1om. | 
So the time propoſed is 2d. Ich. Tom. before the 3d or laſt quarter. 
To 2d. roh. and before 3d. gh. the equation is zu. m. 


4 Then trh. 15m. ＋ ah. Am. 1 3h. Som. or high. water at Ih. 59m 
To Feb. 2d. the neareſt phaſe is the Iſt quarter, on, an. 145 7h. 5m. 
And as Feb. 2d. may be called Jan. AS: s 


4 
* mg Xy-oiit: 


The equation to which is Sh. 26m. 
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: Again 2d. 16h. 7m, — 1h. 2d. 4h. 7m.; the equ. to which ĩs 7h. 50m. 
| ! Then 11h. 15m. +7h:50m.=19h. Im. Or high-water at 7h. 5m. A.M. 


HFalifax is W. of Greenwich (63? 20'=) 4h. 13m. 20. 

5 a The neareſt phaſe to March il is full ene Toh. Jom. . 
Wich. Greed: to Halifax becomes 6h. 41m. GPs 16 

March 11, is after full moon, 2d. 17h. 10m. Php equation is 1h, 35m. 
Then h- zom. z ih. Dr 300. P. M. the time of high · water. 

Again 2d. I7h, I9gm.—12h. =2d 10m. ; its equation 1s Ih. Bea. 
Then ph. 30m. + Th. 18m. Bh. . A. M. the Dare? W 
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time * eee in that port on the Haken. 
Sofur rox. ** 


ich time. ($57) 
- 2d. Take che a between this time and- that-of the Moon's 
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5 | aw of FO TH in any port on the ſyzigies, or days of new one ful 


| mediately preceding or following it, ſor the time of that phaſe which hap- : 


24. The equation to this time (138) applied to the trig 6 time 5 


KReguired the afternoon; and morning times of high=water on the 1 * 


"kt Then 1th: 15m. + zh. Sm. Ih. 20m. or high-water at ah. 20m, P.. bh 
Again 2d. 10h, 10m. + 12h. 2d. 22h. 10m; the eq, to which is ah. . Fs 


Their diff. or time after the firſt quarter, is ary ee 24. 76h. Im. 
Tpen 11h. 15m. ＋ Sh. 26m. 10h. Aim. Gee ere dene. F. M. 


5 FA. II. Onthe 12th of March. 1773. required. the times of high-water - 
Th a Halifax in Nova Scotia, where the ſyzagie time of bigh-water is G13 * 


55 'The + = Ld er, in any port being obſerved on any Bs gy to fed the 


2 7 0 the difference of longitude reduce the given time to on. 


* 
| 
* 
| 
| 


4 , & © 


* | 55 tima of high-water there on the 


| latitude i in 24 hours; it will follow, that the riſing of 


* 5 A * 80 r 6 K T S! Bock IX. 


3d. 2 in table; Art. 138. to this diff. applied to the ſaid 
Greenwich, time, contrary to what its title e il EN the bie 
time of high water at that A 9 555 

Ex AM. I. Suppoſe the time of high-water-was Herbe i in by bort to be at 
5h. p. M. when'it wanted 3d. 1 ; of the time of neu mon; n the 

of new moon. BEL, - - 

Now zd. 17h. before new moon give an equation of ah. Aim. 5 
The eolums· directs ſubtraction, the contrary is addition. 
- Then Fh. 4 zh. 41m. h. 41m. P. M. the ſyaigie time of er. 
Alſo 3d. 17 Ih. 24d. 5h. the equation to which is 3h. 1om. 4 
Then 5h. + 3h. 10m. Sh. 10m. A. M. the time of ne moon high- water. 


Ex AN. II. Suppyſe on the Toth of March, 1773, at 8h. 11m. P. M. it 


_ was obſerved to be high - water in the river Senegal“ What is the time of 
; high-water e on the full and change days 08s: 4 


The river Senegal i is weſt of Greenwich (165 200 =). Ih. zm. . 1 
The neareſt phaſe to March t9th, is the third aig; at 1 5d. 2h. 29m. 


which. fitted. to Senegal, makes 15d. ih. aum, 


1 he ngth day is after the third quarter, 3d. 22 h.; its equation i is oh. 
41m. which is ſubtractve, contrary to its title in the table. 
Then gh. 1 Im. gh. 41m. = TIob. 30m. the time of + on the A 


days of the full and ; "ar. in the moon in the river Senegal. 
| 141. At the cauſe why the mo on appears to riſe nearly at the fame ti tims for 


* 


ſeveral days together at ſome ſeaſans of the year... 


There are ſey marivers. who have not obſerved at certain times, _ 
the moon appears to riſe or ſet, for ſeveral days together at the ſame time 


* 


nearly, notwithſtanding that the is known to be retarded nearly 48 „ 
nutes in each day's motion. 


This appearance ariſes chiefly * the daily N 1 e of 5 or 6 degrees 


in the moonꝰs declination, when ſhe is 9 celeſtial equator. Now a 


change i in the declination of celeſtial bodies will cauſe them to riſe or ſet 


ſooner or later, as well as when the obſerver changes his latitude. | 


Thus ih the latitude of 50 degrees, when the Sun has 6* of declination, 


be riſes It Sh. 31m; ; but when he has no declination, he riſes at 6 o'clock ; 
ſo that a change of 6? in W near the . 8 crete the 
_ riſing 29 minutes. ks LAs 


L 


By a like change in the Wen Ae her rifng or ferting 9 5 be 
quickened or delayed: half an hour; but half an hour's acceleration dimi- 


niſhes a great part of the 48 1 5 of daily retardation which ſhe ought 


to have; and if to this be joined the apparent acceleration which may be 


_ cauſed by a leſs velocity in the motion of the moon near her apogee, and 


alls that which may ariſe from an alteration of 3 or 4 degrees in the ſhip's 
p. moon will not 

r to be ſenſibly retarded for ſeveral days together. 
o the ſame cauſe which accelerates the riſing retards the ſetting; ; Is 


wo the moon appears to riſe for ſeveral days together about the ſame 
| hour, its ſetting will appear to be rotated nearly the double of 48 mi- 
nutes, or about an hour and half. On the contgary, if its ſetting is nearly 
abput the ſame hour for ſeveral days, its gy wi u 88 to be retarded | 
* i an its known. 2885 motion. 
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3% LOGARITHMEC TABLES, 
take 1 iP N n . N ; 
: 4 Numbers and heir 8 por 81 I fo 120. 
N. 1 N. | Log. N. 1 wn | Logs N. Log. | N. | Log. i 
7 8550006 21 1,3222241 1,6 12780 6x [1,78533] 81 1, 90849 101 258042 
| 2 ſo, 30103] 22 1,4242] 42 1, 62325 62 , 79239 82 [191381] 102 . 
3 [0447712] 231, 36173 43 1, 63347 63 1,79934 83.1, 91908] 103 2.01284 
4 ſo, 60206 24 1, 38021] 441,64 345} 64 KH, 806180 84 1, 92428] 104 2,0703 
| 5. Jo,6g897] 25 1.30794 45 1,6563210 65 1,1291] 85 1,9294 105 2,2119 
5 6 o, 77815 26 1,4149 46 1,6627 66 1,1954] 86 193450 106 2,02 531 
7 Jo, 845100 27 1,4313647 1,67 100 67 1, 82607 $7 [2293952 107 z, 2938 
Þ .$-10,90309|-28 [1,44716| 48,68 124 68 5 88 (1594448 108 Ja, 03342 
| [9 P9544 29. 7, 46240 49,7, 69 69 1,8 38850 89 94939 109 fa, 0374 
10 |I,00000, 30 1,4772] 50. 1.69897 70 1,84 5 10 90-11,95424| 110 ff. 04139 
11 2205979 31 1, 49136 51 1,7075 71 1,85 126 91 [1,9 904 111 2, 04532 
12 |x,07918| 32 1,5015 52 71689 72,8733 92 ,96379/ 112 12,0492 
| 23 |1z12 394 33552852 53 1,72428 73-|1,zS0332|-93 6843} 113 12305308 
| | 14 [1524613] "34 1153148] 54 [173239] 74 586923 94 975130 114 |2,0569c 
* 15.117609 35 [1,34407| 55 [1,74036| 75 87886 95 97772115 [2,06c70 
r6 T, 20412] 36 |1,58630| 56 1,748 T5 76 1,8808 1] 96 [1,98227] 116 2, 06446 
2 17 1, 23045 37 1, 568200 57 1, 75587] 77 ft 588649 97 1,9877 117 , o68 19 
18 |1,25527] 38 1,5797858 1276332 78 1,8920 98 [1,99123 1180 158 
19 127875] 39 [1,59 106 59 [1,77085| 79 89763 99 1,9986640 119 , 7555 
3103 40 |1,60206| 60 i bo, 80 [1-993 100 [2,00000} 120 2,0918 
a 143: A T A, * 1 KE 7 
op Legerihnic Sin, Tangents and dea, 7 MY Quorte Point * 
- CPs +: F _ ee 
te. Sines. Co- üines. gene Sog — -ſecan.| - 
5 | 0: | ©,00000/10,00800| 0,90000. Infinite. [10,00000 Inknice, | 8 | 
os 8.69079 9599 3855 1130868 052 11,30921 7+ || 
[| 95 8, 99130 9.99790 8,9940 |11,c0660 10,002 101,87 7 * 
1.84. 2.5682 295270 9 17125 [10,82875 10,604 73 10483348 | 73 1 
; EB 929024 9,99157 9688055 9,2988610, 70134 1% 0843 1057097 77 
| WE 9.38557 9.98679 9,3 873 10,0122 10,01321 10,1443 62 | 
| 15 9.46282 9,98088 9,438194 [10,5 1806 | 10,01912 10,3718 67 N 
2 14 9252748] 9.97384 9.65365 10, 44635 10,026 10 [10,47252 | 64 
I 9,8284 9.96562 9,61722 [10,38277 [10,03438 [10,41716 | 6 
| 22 9,6 309 995616 9.67483 10,3 2517 10,4384 10, 36901 E. | 
: 25 | 9-07339| 994543] 472790 [10,27204 [10,0547 [1032661 52 
2 | 957319 * 9-93335! 9,77770 110,22230 10,6665 10,2889 5 52 | 
— 9.74474 9919850 9.82489 10,7511 |10,08015 1% 2552666 | 
3x | 9:77503| 9.96483; 9,87020 [10,12980 [10,095 17 10,247 44 
N 3+ 833 9.88819 9.91417 10,8583 , 11181 [10,19764 | 42 
5 32 | 9-32708] 9.86979 995729 10% 427 11301 110 17292 | 4; | 
. 7 If 4 | $84948| 9.84948 10,00000 ; 10,00000 [10,5052 [lo,t5og2 | 4 ff 
: I | 1 Sines. N Taagents. aha, Yecants. Prs.| | 
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Numbers from 100 to:1599. Logs. from ,00000 to, 20388. 


„000 CO 
500432, 
.oo860! 
„01284 


„502938, 02979 
03342503383 
es 


,oo68g 
501115591157 
50140/01452 501 536 
0182801 870 


02306 
,0269402735|,02776 
103 100þ03 141 
»03503þ0354 3 
0390 2503941 


„03423 
03822 


504136 
—.— 


119 [07555 


©4179 
04571 


105346 


107 $9 11597 628; 


:00260/,00303},00346}; 
007 329077 3} 


»03023 
504021 


„01578001620 ) 
50199 5%0 2036 
5028165028 5 
293222 
,03663 
504060 X 


01199 


503262 


eine | 
042974336 
0468904727 
0507705115 
05461505 50 
05843505881 
06221506258 
659 5596633 
06967, 
97335507372 


504218 
104610 
04.9613 


507918 


a 508636 
| $2 „08991 


109377 


06350 
08 6 7 08707 
„09o 2 509061 
09412 
pe 0y790,09795 

: 5110106510140 
5 10449, 10483 
510789, 10823 
9 4 2521162 


e 


84225084 5 


09132509167 
09482509517 


7 41461,/1494 
01,11793]:11826 
+12123\121t g6h,12189/, 1222 
512418, 12450124 
„130985613130 
„13418513450 
21570417 373513797 
814019, 1405114082 


5134811351313 
13799138300 15 
,141 14), 14145|-14176|.14208 314239 


51442614487 14488 


7 9590 
£ 58 y1 9866 
728140 


2 


1433,86 (2.74395 


856,170 5 711 


8 


1920 
129424519454 
3139700, 1972: 
$1997 0,2000: 
e492 0276 


„04376604415 
„0476650480 5 
505154505192 
05538505578 
2059 1005950 
„062960 

06670670 090744: 
19704 1,,07078 07 115 
,07403\,07445 07482 
07 77 3507809 307846 


333 


b044 54,04 
904844 6 
50523155 
2056 14% 
505994 
586371 


,080g0/,08 13 55,08 171 208207] 
0849 3]»08 529 05505 
,088; 9 ,08832. ,08920! 
109202/,09237,309272/,0i 
52,09 58709621 
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$9099 34þ09963 
1024.3', 1027 $\10312 
10551], 10585, 10619110953 
» 109241095 

11142711260; 11294 
11564/,11 5941162811661 
„1192611959 


12905/12937 
233226(,13258þ 13290 
88713355 


513393 


5714737/14768/14799,14829 
515106 
515412 
315715 
51601716047 
„16316016340 
1658416584166 1316643 
16850, 16879, 1690 
517143517173 
21 7435's 1 7464 
1772517754 
„18013518041 


515137 


16938 


„17202, 17231 
s:“ 


517811 


N 
1832718355), 15384 
738639], 1866; |. 
„18921189491 
19229 
19470 19507 
51975 51978 
42c03c|, 20058 
28030702033 
2 


„14520 


15442 


| 


510992 


113277 


,11992 


1360g 
513925 


214551 
21 48 60 2 


5154730, 
„15770 
516077 
16376 
16673 
16967 


{19535 
19811 


2008 5 


2038,08 5 


8 


r * 
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* 28 TY 
— 
on) . 
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1516815 


„17260 17; 


356 TABLE or LOOGARIT HMS. 144 
22 Numbers from 1600 to 2199. Logs. from, 20412 to 534223. 


No 


© - 


1 


4 


5 


6 


7. 


20412 


„20683 


20951 
5212 19 


52 148 
„21748 


522011 
522272 


520978 
221245 
521511 
21775 


5222037 
522298 


520730 
521005 

21272 
221537 
521801 
222063 
322324, 


[2 — 
nota 420493 


222531 
12 


— 


223045 
23300 
23553 
23805 


122557 
522814 


22 583 
22840 


520763 
521032 
521299 
. 
521807 
„22089 
522350 
„22608 
522866 


52052 


20790 
21059 


52132 
52211 


2289 


521590, 2161 
„21854 


5522141 


522376, 22401 
522834 


„22660 
122917 


9520547520575 
520817520844 
„2108 5 
521352), 21378 
7521643 


521880 


521112 


521906 
522167 


522427 
„22686 


22943 


1224.5 3]þ22479þ 22505 
$227121,2273722763 
22968 


20602, 2062 
20871½% 2089 
521139, 2116 
21405, 21431 
521669, 21 9 | 
521932 | 


,23070 
N 
2357 

23830 


2 3096 
223350 
23603 
52385 5 


4055 
524304 
524551 
224797 


225042 
225285 


2240 
EY 


— A. 4 


24576 
524822 
52 5066 


25310 


b / CG4-5he 


524105 


524601 
524846 
225091 
225334 


523121 
523376 
523629 
523880 
524130 
24378 
52462 5 
524871 
525115 
225358 


523147 


12340 


52390 


23654 


5241 55 5241 
24403 
5246 50 
24895 
525139 
225382 


1 72 342 


523172 


523679 
92228927285 
O0 


523198 
23432 
523704 


52322 3423249þ2327 


52347 
2372 
2398 


524428 
524674, 24699 
224920124944 
52516425188 
25406 


1224204 
e 


24452 


12.5431 


122422 
- * Tx 


52447 


124724132474 512477 
24969, 24993/2501 9 
252122 523%25261 WP 
225455125479þ255030}F IM 


2.3502\,23528 
12375423779 
+2400 51,2407 
124254192427 
524502052452 


325527 
25768 
526007 


526482 
226727 
526951 
1271 

227416 
527646 


526245 


225551 
525792 
4 
2262 9 
526505 
526741 
526975 
127207 
527439 
427669 


325575 


526764 


525816 
52605 5 
526293 
526529 


„26998 
527231 
527462 
527692 


25600 
525840 
26079 
526316 
26533 
7267 8 
527021 
272 54 
127485 
2225 


52681 
12704 


525624 
725864 
5226102 


26340 
526576 


527277 
527508 
527738 


5 
327531 


529003 


27875 
528103 


528330 


528556 
528780 


529226 
529447 
29667 
129835 


527898 
528126 
528353 
28 578 
52880 


$2902 52904 
1 


729469 
529688 
29907 


527921 
528149 
28375 
528601 


52882 


528623 
528847 
529070 
529292 


529491 


730103 
230320 
230535 
130750 
»30963 
231175 
37387 


1131597 


31806 
132015 
132222 
32428 
73263 

43283 

233041 
1332443 


33445 


33646 
3384 


4.24044 


30125 
230341 
230557 
230771 
30984 
231197 
531408 
531618 
531827 


532343 


5326 

„328 58 
302 
33464 
33465 


633866 
25434 


TA 
32449 


530146 
30363 
30578 
230792 
31006 
531218 


229513 


529710529732 
299295299 51 


530168 
30384 
39600 
308 14 
241027 
531239 


531429 


+3163 
531838 
32056 


3140 
31660 
531869 
32077 


* 


227944112796 
528171 
DE 


2909 


28194 
11528443 
„28668 
528892 
29115729137 
2933629358 
529557 
29776529798 


28646 
228870 


* 
529314 
29585 
529754 


77989, 
52821728240 


525648, 25672 
525888 
526126261 50 
526364, 26387 
526600, 2662 

1068346858 
527068 
tan pity; 


125912 


527091 
227554 


127761127784 


225696,25720|,2574 
52593572 59 59,2 598 


526174, 2619, 26221 5 


526471 


227 34 


527577527600, 27623 
„2780%%¼ 783, 278 52 


526647526670, 2669 
52688 12 690 f, 2592 
527114,,27139,27161 


2643 51,2645 


127 37927 393 


528012 


„28486 
528691 
528974 


22957 


29973/299946 


3062 
3083 
»ziot 


53147 
53168 


32263 
32469 
32675 
32879 
533082 
33284 


32284 
„32490 
532695 
532899 
533102 


533480 
3388 


85] 


53350 


„6663368633706 


53230 
23271 
3291 


3352 
53372 


$3 339051» 3392 
134104 


— OSD. 


1 


13 


4 


30190 
3040 


31890 
532098 


32510 


5308 
231 


3126031281 


153149 


53021130233 
30428 
1], 30642], 30664 
6530878 


230449 


153170231723 
531911631931 
53211832139 


28035, 2805 ,28081 
528262, 2828 9, 28307 


72848 


2871 


529601 


3089 


5311123113 
3132373134 
+31534þ 315553157 
2317444 1751785 
231952 


3 321 


528937289 89, 28981 
„291 59,2918 1½% 29203 
29380, 29403, 29425 


529820029844, 29863 

„30038 

3025 5% 3027630298 

3047 1% 30494, 3051 

208950209 
9 


52851128533 
28739528758 


„2962 32964 


30069, 3008 2 


530728 
73094 
73115 
531366 


309 


3197353199 
53218432201 


553273 
91 329 


33123633174 
333083332 8533345 


673354 
+3374 
553394 


532950 
33163 
533365 
33566 
33766 
33965 


42434434163 


5132 325|,32 346], 32.366 
232531732352 
32750 


329 


53378 


32572632593 
53277773279 


3398 5%, 3400 
$34133/,34203} 34223 


—_— — 
<> 
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3383633820 
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N umbers Gon 2200 to 2799. Logs, from, 34242 to 40. 


434635 


35411 
535603 
8 5357 


538173 


737922 


1376s 


"þ39794 


40140 


* 
534242 
534439 
34830 


35025 
235218 


35934 


* 
534262 


534459 
134655 
34850 
535044 
35238 
35430 
535622 


35358130 


36003], 


2 


* 


[__4 


* Be 


q 


9 


342 
134479 
34674 


135257 
535449 
35641 
38527 

921 


534301 
34498 
346 
348 

35083 
535276 
35468 
„35660 
35851 
5350040 


TM 


534321 
534518 
234713 
34908 
535102 
42228 
354 

535679 
235870 
35859 


83550 


5 
534537734557 
134733134753 
34929, 34947 
35122,35141 
135315135334 
235526 
1235717 
35908 
3607, 36097 


3569 
53588 


134772 
» 34967 
235160 
135353 
35545 
35736 
535927 
536116 


5 — 
34577 


5349 
535180, 35199 
35372773539 
+3556 


"34400 
13459 
22285 


„34616 
535005 


536361 
„265549 
536736 


237107 
537291 


73765 
537840 


26285 
5363 

36568 
3675⁴ 
536940 
537125 
537310 
537493 
37676 
37858 


2536211 
9.363582 
7365 

536773 
36959 
237144 
37328 
37511 
237694 
537876 


36229 
36418 
6736605 
536791 
36977 
„37162 
37346 
237330 
237712 
32894 


536248 
36436 
536624 
„368 10 
36996 
537181 
137365 
237548 
37731 
237912 


36267, 36286 
36455736474 
536 4 5366 1 
3682 536847 
5370143703 

537199737218 
373837537401 
,37566|37585 
137749137767 
23793137949 


61], 36680 


36305 
36493 


536866 
37051 
537236 
53742 

3760 

37785 
537967 


5372 


436693}, 36717 
+3638 
37070, 37088 
$4537273 
»374 30» 37457 
237621, 37639 
37809, 37322 


3798 [23890 


538021 


„38382 
38561 

38739 
38917 
39094 
539270 
39445 
»39620 


39967 


„38202 


538039 
538220 
38299 
3857 
38757 
38934 
39111 
39287 
39463 
139637 
39877 
39985 


„41497 


2 


2542325 
42488 
542651 

42813 
442975 


40312 
40483 
2406 54 
54082 


„41162 
541330 


41 57 
540329 
40 50 
40671 
4408417 
41010 
541179 
41347 


538057 
38238 
38417 
53859 

538775 

389520 
539129 
539305 
539480 
39955 


38075 
38256 
38435 
6538614 
38792 
38970, 
39146 
2325 
539498 
326723 


38093 
38274 
38453 
538632 
5388 10 
38987 
39164 
39340 
23885 
222590 


221244 
382923831 
43347 11,3848 
38650, 338668}, 
38828/3884 
39005/39023 
+391 82], 3919 
39358039375 
39533 
» 39707 


33559 
53972 


38148 
38328 
38507 

38686 
38863 
» 3904.1 
39217 
39393 
39568 
39742 


38525 


39235 


38164 
38364 
38543 
38721 


— 2 
38166 
3834 
38703 
538881 
390 38, 39076 
39252 
539410, 39428 
239585 
39759 


29839 
540002 
94017 

24034 

540518 
40688 
5408 58 
341027 
241196, 
41363 


39846 
540019 
540192 
40364 
240535 
Hl 05, 
240075 
4044. 
41212 
41380 


39863 
40037 
209% 
540381 
540552 
40722 
40892 
41061 
41229 
141397 


39881 
400 54 


739898 
40071 
40220, 40243 
40398, 40415 
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68 511068 520 
9268601568610 
„6869068699 
„68780,68789 
„68869568878 
689 88,68966 
6904669055 
69135569144 
5692230569232 
„6931169320 
69 399 69408,694 17,6 
856948769496, 69 504 
6957469 583,69 592 
„696626967 169679 
69749697 58569767 
9836698459884 


69249692 58 
6933869346 


„6960 169609 


69862,6987 


„68287 
568377 
255 
„68556 
„68646 


„68726668735 


„68824 
568913 
„69002 
69179 
569267 
69355 


69443 


09531 


„69618 
569705 
69793 


„69880 


69949699 58 
270036|»>70044 
„70 122570131, 70140 
»70209|» 70217 
47029 5, 70303, 70312 
70381570389 
70467070475 
570552570661 


»69923þ69932|,69940 
+70001þ,70010þ70018[,70027 
70096, 70105570114 
»70183|-701911,70200 
70269, 70278, 70286 
270355þ70304/370372 
„70441570449 
270526170535 
7ob 1257062 1|,70629|,70638|,70646 
70697% 7%, 70714, 7073 
70783570 9, 7 odo 
„70868, 708 76, 
709 52570961 
„71037671046 
571122571130 
J 1214 
25712904, 1299 
77366,71374 
271450171459 
1715339371542 


71383 


9.71867571575 


69966 


70053 


„70226 


70398 
70484 
70569 
570655 
170740 


67834 
567925 


88796 


„67284, 67293 
67376 
567468 
678606675590 


67389 
567477 
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5677521 
678434 
567934 


5680244 
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568476 


„68 56 1 
„6865514 


568744 
68833 
„68922 
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! 
7 —— 


o goge 


„691881 : 
„69276 | 
693644 
69452 
69539 
„69627 
69714 
569801 
69888 ” 
69975 

5700624 
701484 

2534 
5703211 
„70406 
70492 | 
270578] * 
„706634 
70748 


„7o8a 5 


57091 


78% 


570919. 
2999577183 
„71079,71088 
7116471172 
571248,712 57 
171332171341: 
171416171425 
571500 L 
288421592 


271505, 
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| *O 
1 N 


— — — — 


O 1 


20 
21 


22 
523 

24 
525 


; 


„7185 571868 
57193357194 
„72016572024 
72099572 107 
57218 1,7189 
572263572272 


$29 723482238 


i 8 2 3: 1 
71600, 7 1609\;7 1 
,71684},71692];717 
(71767þ471775þ7178 


271792 
71867.71875 


71800 


571883 
571966 


Numbers from 5200 to 5799. Logs, from, 71600 to, 6335. 


N 


1 
| 


| A a 3# 85. 3 
7163471642760, 71659 
»F1717 347172514717 
71809\,71$17],71825 


7771892719 


72049 
172132 
572214 


172.378 


72140, 72748 
7222272230 


72296, 72 304%,72313 


172387172395 


171742 
„71908 


7197 5147 198 3],73991 
172057|;72066|,72074 


„721 56 
572239 
172321 
172403 


57175 
718 


57275472762 
72835. 72843 


7288 


þ7 3078197 3986 
57316 


672624 


272460 
172542 


»72705 
272787 
72868 
572949 
573030 
573111 
73191 


73239, 73247 


„74 50717451 5 
+74 5861,74-593 


„73815 
73894 
»73973[, 7.3981 


+7467 
74757 


73550, 73568, 7357607354 

575 73664 
57373973743 
73823 
„73902 


573272 
»7 3352 


„72469,72477 


72485 


57255 le 


„72632, 726 
„72713,72722 
57279 5,72803 


»72957|72905 


57319973207 


„72648 
172730 


72973 


57303 7304657 3054 
57311973127 


573135 
73215 


72811 
„72876, 72884ʃ,72892 


73143 
73223 


1% 7 1925) 
7199972008 


572247572255 
5723297723371 


72493%72 501 
72575772583 
76 50, 72665 


730% 
57315 iK 
2732318. 


$71667þ7467 5jþ - 


73280, 73288 
73360, 73368 


573432 
57351 


73989 


57 3 592|7 3600 
73672, 7367 
57375157375 
738 30ʃ,7383 
73910, 7391 


73440, 73448 


274531 
7460 1%, 74609 
74687 


574068 
574147 
174225 
»74304 
574382 
N 

74539 
74617 
74695 
24722 


225534775542 


1742 3312 74241 


5 574943 


57.547 3147 5481 
75549175557 


73296 
73370 
173456 


73520, 7352873530 
7 360 „73616 
7368773695 
7376773775 
73846738 5473862 
73926573933 
»7 3997'+474005127401 3|þ 74020 
»74076|,74084|,74092 
574155174162 


„74170 


1743 12], 74. 320|74 327 
74399, 74398, 74400 
74468, 74476 
7454774554074 562 
74624, 74632 
74702,, 74710 
24280½%4788 
748 53,7486 5,7487 


574950 
+7 5020], 75028 


74484 


174640 
574718 
174796 


575105 


75160,75174,75182 
75243075251075259 
575297775305, 75314, 75320.,75328,75335 
57539 22227505 


47 548 
275506 


174249]-742 57 


»7 33094 
73384 
7346 

$7 3544 
573624 
73703 
„73783 


27 3941 


17417 


74335 
274414 
574492 
574570 
74048 
74726 


740g | 


57355 


73632 | 
»7 37118 
5737911 
73870 


57394 


e 
5741071 
7486 
742651 
5743434 
674421 
574500 

5745781 
74656 
274733 


2203 


75899 


576129,,76125 
$761 »76200 


176 


$7027 
: 


2 


„75603%7 56 10% 5618 
17 5079-7 56867 5694 
#7575517 5702þ,7577 
758317 5338\,75846 
75906 


575626775633 
575702, 75709 


75914/7592 17592 
79974/75982, 75989, 759977605, 76022 
»76042|y760g0þ,76057|76065|76072/,76080(,76087),760g 5 
76133 76140,76149,7615 ene 


76218076223 


76284], 76290|,76298 
T 


A. 


276305 
Pr i 


5762 g0, 7623 


—— — ———— — 


75779,75785 
755375861 758 6875876 
175937 »7 5944175952 


„75641 
275727 
575793 


976020 


7677 7617 
576245076283 
2232729 576328 


75648 
575724 
+7 5800 


76027 
70108 


7 


—— — — 


„7580 
57588 
7595 


8 


733121 
57339 24 
573474 


574811 
74881574889 
74958574960 
5750355759434 
5751130752 
751897519714 
75 266,7 52744 
753437753511 
»7 $420 
575496 
57557275580 
„756561 
757321 


575427 
575504 
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5760351 
270110] , 
576181 
76260 
26335 
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TABLE or LOGARITHMsS. 


144. 363 


—.— 20887 284 


85248039 80504 


Numbers from 3800 to 6399. Legs. from „76343 to , 80011. 
. 7 BW a 
27635076358 1703880 70395376403 76430]. 
27042570433 7646276470, 7647776485 
| 3976537\,76544 176559 
+76612j,76619 26|,76634 
7886976675 76686, 7669 3,7670, 76708 
7674307 770, 76709, 76768,76779,76782 
576812,76819 7683476842, 76849, 768 56 
17 63804476871],76879/,75 »7 6905}, 769 16 76930 
7693857694 5759525 7698276989 577004 
57701227019 57705, 7700 3,7 7070, 77078 
„7708 5577093 57712977137 577131 
77159707168 7720377210 977235] 
3772321377240 77270, 7783,77291½% 77298 
97730577313 577349177357157730 77371 
.77379,77386 77422, 77430, 77437,77444f 
7745 5 8.7749 6,77 503, 77510,77517 
775; 775397754 8.77570, 7583,77 590 
77597 777612,77619 2477641, 77648. 77656, 77663 
$ |,77670 „7768 577692 1777141477724þ77728|,77735 
57774377759'5777 57177704 177780,77793þ77801|,77808q. 
17781 957782778 77837 l,77359]77866,7787 377880) * 
577337147 7895/37 7902/5 »77931|77938|-77945|477952 
pz [7796017299757 7974 dog, 78010, 78017, 78025 
578032 ee 578075, 78082, 78089, 78096 
578104 +78118/,78125 1781472781 54],784611,78 1030. 
,78176\78183 ,78190' ee 370340 5 
78247782 5478262 7829 7,78 305.7831 
178319478326 7833378340, 97836278369 78370, 7838 
fe, 390þ79397 78405 78412) „784337578440 78447078455 
2þ78469 1784761278483 1785041784 12785197852 | 
= »785761,78 583 »78597 
7860486717860 78647,78654 „78662 
5267 07868 708g 6 578718½872 5 78739 
78740 787537820, 7876257 78789, 78790, 788101 
6 245788 59 7586678873 78880 5 
578888 789300. 78937%,789 44,7895 
78958 em jt ets »79000þ79007,790 14,7902 
79029. 79036 79043/»79050/»79057 79071, 79078, 7908 51479092 
790997919679 13079 1079137 7947947915579 16⸗ 
19 779159791765 2 22.2 222422 4292170722187 92251979232 
620 279239 79281 »79298,,79295|,79302 
621 79309 27935117935379365,793724 + 
74 7942.1, 794287943 5,½79442 
Bak 2 7949 1,7949879 50 51795711 
353.7956079 567 79587 
[27938879595 7903079037 79650 
796577964 91 79706,797 1379720 
»79727 »7970 »797751>797821,79789 
2 I ho 10879] 70884 79837,79844,798 51,798 58 
229 [79865 / 522900299 1352992079927 
630 79934 27997 5þ79982þ79989,79996 
31 „80003 80051 22 „8006 5 
89,8 80113 80129), 8013 
„801405 8018208018 „80202 
9 802 gl, 802 571, 80271 
„80277%8 580318 8032 5,803 32 80339 
dog a0, 30387/80393, 80400, 8040 
„80414, 14048 8045 51,8 80a 75 
—.— 8052 J,, 8053 80636580543 


80611 


— — 


7 


9 


- 


364 TABLE or LOGARIT HMS. 144 
Numbers from 6400 to 6999, Logs. from 80618 to 384504. 


6 


n e 2 
640 ,80618, 80625 80638, $064 5, 806 52, 80659, 80665 80679 
- $1641 , 80636, 80693 30066305 13,8720 8020,80733 80747 
642 f, 807 53,807 60 „80774580781, 80787, 8079458580 1, 80808, 808 14 
643 80821,80828 „8084 t, 80848, 808 5 f,, 80862, $0868 „80882 
644 , 80889, 8089 5 +80909{, 80916 „809295 80936 >80949 
645 , 809 56, 80963 80976, 80983, 80990, 80996, 8 1003, 8 1010, 81017 
646 , 8 102358 1030 81043,8 1050, 810578 1064, 8 1070 „810844 
647 581090, 8 1097, 8 1104,81111581117581124,81131,81137581144,81151/ 
648 81157581164 81178,81184 „81198, 8 1204,81211,81218 
649 |,81224\,$1231|,81238|,81245\,81251|,$1258|,81265|,81271|,81278|,51285 
650 |,81291|,31298 581311081318,,8132 5,8 1331,81338,8 1345581351 
6518135881365 „81378, 8138 5,8 813988 140 5,8 581418 
652 581425 58 1431 58 1445 58 1451 58 1458 8 1465 58 1471 581478 581485 
653 [81491,81498 »$1511\,81518|;8x525|,81531|,81538|,81 544,81 551 
654 [»$1558|,81564 81578581584 81598, 8160481611861) 
655 581624,81631 „816445816518 16578 1664,81671 81684 
656 81690, 81697 581710581717 581730, 81737 581750 
657 8175/5817638 1770, 81776, 81783,8 1790ʃ, 8 1796,81803 581816 
658 , 818238182958 1836, 81842, 81849 58186281869 581882 
659 818898189 5/8 1902,81908,,81915 >$1928|,81935|-31941|-81948 
660 , 8195458 1961 581974781981 581994, 82000 „8201 
661 , 82020, 82027, 82033582040, 82046 82000, 82066 582079 
662 82086, 82092 82105, 8212 82125082132, 82138,,82145 
663,82 15182158, 82 164, 8217182178, 82184,82 191, 82197, 82204, 82210 
604 |,822717|.$2223 82236,82243, 82249, 822 56, 8226 82276 
66 5 , 82282, 82289 „82302, 82308 2635182308 82341 
666 582347 582354 582367 582373 „82380 82387 582393 82400, 82400 
667 ,82473,82419 82432,,82439,8244 58245282458 82471 
668 82478, 82494 8249782 504, 82 510, 82 51, 82523082 530, 82536 
669 82 543,82 549,82 5 56,82 562, 82 569,82 57582582, 82588 82601 
670 582607, 82614 „82627, 8263382640, 82646, 826630 8265982666 
671 582672, 82679 82692, 826988270 5, 82711, 827 18, 8272482730 
07 828878233 „82756582769,8 2769.827760, 82782 „82795 
673 582802, 82808, 828 14,82821,82827,828 34082 840, 82847 82860 
674 582866, 82872 „8288 5,82892,82898 82911 82924 
675 82930, 82937 829 50, 829 5682963 958297 5, 8298282988 
676 58299 5, 83001 83014, 83020, 83027 83046, 8 3052 
677 83059, 83065 83078, 8308 5583091 83117 
678 58312383 1290.83 13683142,83 149583155 83181 
679 83187/831938 3200% 8320665832 13,83219 5 8324 
680 8325183257 8326483270, 83276, 8328383289,83296 83308 
631 83319,83221 833348334083347 833724 
682 83378,8338 808 83398, 8 3404, 834108 5834360 
683 8344283448 83461834675 8 347408 3480 83499 
684 , 83506, 83512 83525583531083 537583544 83563 
685 ,83569,83 57 583582583 588,,83 594,8 360183609 „83626 
68783696 83702 83715,83721,8372783734 83753 
688 837 59,83765 83778,83784,8 379083797 83816 
689 83822, 838288383 5,8384 158 3847838 53583860 583879 
Tg e e e 1.85245 
691 583948, 839 54/8 396083967, 8397358 39798 398,8 39948 3998, 84004 
92 84011, 84017 sea tos tee 840584061, 84067 
693 84073, 84089 84092, 84098, 84 105584111,84117%8412 3,0841300 
694 8413 84142084748084155˙84167,84167.,8417 584180, 84180,84192 
695 584198, 84205 „8421784223, 842 30%, 84230, 84242, 8424884255 
96 584261084267 „8428084286, 8429284298, 84 30 5, 84311584317 
697 8432384330 8434258434884 35484361, 84367,84373584379 
698 84389 84392 84404844 10, 8441784423, 84429, 8443 5,8444 
699 |34443þ84454þ84460|,84466\84473|84479þ84485}-8449 8449784804 
n 3 | 4 7 1 


TABLE or LOGARIT HMS. 144. 365 
Numbers from 7000 to 7 509. Logs. from, 845 10 to, 88076, 


No o E 4 e © 7 8 9 
700 [84519845 16\84522,84528\,84.535,84541þ,54547|84553|4559/54566} 
Jr 84572, 8458,84 584,84 5908459 8400,84 809,340 15,8462 84628 
702 84634584540, 84546, 846 52,8468. 8466 5,8467 1,8467 7, 8468 3, 84689 
703 584696, 84702, 84708, 847 4847054720847 330847 39847458425 
704 847 5%584763, 84770, 84776, 84782, 84788, 84794, 84800, 84807848 134 
705 848 19,8482 5,848 310848 37,84 844,848 50, 848 56,848 52, 8486884874 
1706 , 84880, 84887, 84893, 848998490 5,8491 1|,349 17) 84930584936 
$707 84942 8494 %, 849 5484960, 849678497 3|34979 84991584997 
708 J, 8 5003, 8 5009, 8 50 1608 502 2, 8 502 8,8 50 34%, 8 04, 8 50525,8 5058 
og 58506 9, 8 507 1.8 5077, 8 508 3,8 5089, 8 500 85 101 8511485120 
710 J, 85126, 85132, 85 138, 8 5144,85 150,851 56,8 5163 85 175,8 5181 
711 58 5187,85 193,85 199,8 520 5,8521168 521758 5224,8 8523685242 
712 , 8 5248, 8 52 54,8 5260, 8 5266,88 5272, 8 5278,,8 5285 85297585303. 
713 85309, 5315,8532158532708533308 5339085345 8538885364 
714 585370,,8 5370, 85382,8 53888 53948 5400085406 85418,,8 5425 
715 854318 54378544308 54498 545508546108846%8 5473854798 5485 
716 (, 8549 1,8 5497,85 50 38 5 509,855 16,8 5 5220,85 528,85 534,85 540,8 5 546 
717 85552) 85558,85564)85570,85 57685582) 85588, 35 594) 35600) 85606} 
| 85618, 8562 58 503108 56378 5843085649, 8 56 5,8 566 108 5667 
719 585673, 8 5679, 8 568 5,8 569 18 5697/8 570308 5709,85 15,8 5721585727 
720 , 857 33,857 39857455857 510857578 5763085 69,8577 5,8578 1585787 
721 , 85794,,8 5800, 8 5806, 858 1208 58 18,8 5824.8 58 30, 8 58 36,8 584285848 
722 1,858 54, 8 5860, 8 58 66,8 58 72,8 8878/8 588408 589058 8896, 8 59028 5908 
723 859 14%8 5920, 859269 59328 59 3808 59448 59 5008 59 56,8 596285968 
| 85980, 8 5986, 8 59928 5998, $6004, $6010], 860 16, 860220 $6028; 
725 585034, 85040, 86046, 85052, 860 58, 86064% 86070, 86076, 86082, 86088 
726 f, 86094, 86 100, 86106, 8611286 118,86 1240 86 130086 1368614186147 
727 86153862 59,86 16 5,86171686177,86 183,86 189,86 19 5, 862018620 
728 , 86273586219, 8622 5,8623 1862 37,8624 3586249, 8625 5, 86261586267 
„8028 558629 1,8629 7586303586 308, 86314, 86320, 86326 


„86 344,863 50% 863 56% 86362, 86368,86 374, 86380, 86386 
J 731 , 86392, 86398, 86404, 864 08641 5], $64.21], $6427}, 8643 3,864 3986445 
732 8043 1,864 57, 86463, 864698647 5,8648 158648786493, 8649986 504 
6 „86 522, 86 528,86 634, 86 540, 86 546, 865 52, 86558, 80 56 ; 

734 586570, 86576, 86 58 1.86587, 86 59386 5998660 5, 86611, 8661786623 
735 586629, 8653 f, 86641, 86546, 866 52, 866 58, 86664/86670, 86676, 86682 
736 86688], 86694, 86700, 8670 5,867 11568671786723,86729,8673 508674 
737 ,86747 867 59,86764,86770% 86776, 86782586788, 86794, 86800 
738 86806 868178682386829½ 868 358684 186847,868 53, 868 59 
739 86864 8686, 8688286888, 8689486900, 86906, 869 11,869 17 


740 , 86923, 86929, 869 35,8694 186947, 869 53,869 58586964, 86970. 86970 
7-1 86982, 86988, 86994], 6999þ87005|,87011],87017}, 87023 87598735 
742 87, 87040, 87052, 870 58, 87064, 87070. 87075, 8708 1, 87087, 87093 
J 743 87099, 87105, 87111,87116587 12287128, 87134587140, 87146,87151 
744 6778716356987 1758713187 18687192} 87198,87204\,87210) 
$745 |+37216|,87221|,87227|\, $72 33\,87239\,$7245|,87251|, $7256}, $7262|, 87268 
746 [,$7274|48728 -$7286|, $7291 87297, 87303|-37 309|87315|87320|,87326| 
- $747 587332,87339,87344,87349587355087361½8736787373087379½87384 ] 
1748 þ$7399þ37 396|,87402|,37408|,87413\,87419]87425\,37431|87437|$7442} 
$749 þ$7448þ8745437460|,87466|$7471\87477þ$7483þ87459]-$7495|»37 500} 
750 87506,87 512,87 518,87 52.3\,87529,87535|37 54187 547875 521487558} 
751 58756487570, 87 576, 87 58 1,87 587,37 5938759987604, 8761087616 
752 8762287628. 37633,8763958 764558765187 5687662, 874 68,8767. 
753 5876798768 5,8769 1,87697, 87703587708, 877 14587720, 8772687731 
4754 8773787743,87749,87) 5487769, 8766,87 7258777758778 387789 
755 87795,87800, 87806, 878 12,878 18,8782 368782987835, 87841,87846 
756 þ87852,87858,87864.,87869,87875,87881|,87887\,878921,87898/,87904 
757 |187910\,87915|, 87921 ,87927|,8793337938|-37944\,87950|-8795 51,8796 1 
#758 |,87967|,87973,87978,37984\,87990!, 87 996|, 8800 1, 88007, 88013, 88018 
* $759 88024,87030, 88036, 8804 188047, 8805 3], $8058], 88064. 88070, 88076 


Nenne $54 19 11 


$ 


0 


e 


4 


5 


8 


366 TABLE or LOGARITH Ms. 144. 
| Numbers from 7600 to 8199. Logs. from 88081 to ,91376. 


9 


88252 


88081 
588138 
588195 


88 zog 
588366 
88423 
588480 
88536 
88823 


588087 


588 144,885 83156 


588201 
588258 
588315 
588372 


138429|, $84.3 88440 


8848 5 
88 542 
88 598 


8809 


88207 
588264 
88321 
88377 


88547 
8860 


88098 


88213 
88270 
588326 
88383 


88553 
588610 


588104 
588161 


588275 
588332 


9 
88615 


„88110 


588281 


„88621 


58823 
588287 


88343 
8 


88121,88127 


8823 5,8824 
588298 
88355 
88406, 88412 
588468 
88519788525 


88292 
88349 


588638 


8818 


88581 


588133 
588190 
88247 
88304 
588360 
588417 
588474 
588 5 30 
588 587 
588043 


588818 


588649 
„88705 
588762 


588874 
889 30 
„88986 


590472 


590687 


on 


9041) 


590526 


>90530 
790633 


90741 
20225 


789933 


„8865 5 
588711 
588767 
88824 
„88880 
„88936 


88992 
2589048 89 
789104 8 
289184082159 


88672 
588728 
588784 
„88840 
588897 
88953 
59009 
589064 
89 120 
589176 


588677 
887³⁴ 
588790 
„588846 
„88902 
889 58 
589014 
8907 


88739 
88795 
888 52 
88908 
588964 
589020 
589076 


„89126 
89 182 


89131 
89187 


„8868 3, 88689 


88857 
88913 
588969 
8902 5 
589081 
589137 
89193 


588694 


8874 5,887 50 
„88801588807 


288975 


588863 
588919 


89031 
„89087 
589143 
589 198 


588700 


188812 
„88868 
588925 
588981 


89092 
89148 
89204 


89215 
589271 
89320 
89382 


8943708 


„5949 


89 5481.8 
589603 8 
89658. 
89713 9719089724 


589232 


89237 


589287 
8934 


89293 


89348,89354 


589669 


89 509.89 515 
89 5640.89 570 
8962 „8902 5 
8967 5, 89680 
8973 89735 


„89398. 89404, 89409 
8944889454894 59 


39243 
89298 


89465 8 


89 520 


589686 
89741 


89 5750 
89631 


89248 
8 

589304 
89 360 


589691 


8 | 259476 
952689531 
6 589586 


892 54 
893 10 
89365 
589421 


589642 
89697 
89752 


589260 


89371 
89426 
589481 
89537 


589647 
„89702 
89757 


887 560 


89037 


589315 4 


89 592 


„89708 
money 
8987 


899 58 


590042 


89774 
„89829 
589883 
589938 
89993 


5000 


89779 
8983 


89944 
„89998 


90097 
90151 
90206 


90048 
290102 


90357 
290211 


$1,90053 


990108 
590162 
85217 

90271 


48984 
589889 898 


„8978 f, 89790 
89845 
9894, 899 


89949. 899 5 508 


5900 59 
9011 

pred 
„90222 
90276 


»90004]. 90009 
590064 


90119 

90173 
590227 
,90282 


8979 


898 56 


89807 
589862 
5899 16 
89971 
590026 
90080 


589812 
89867 


89977 


90086 


9007 5,00 


90293790298 


90135 
90189 
90244 


90140 
590195 
90249 


90314 
90369 
590423 
90477 
9058 5 
90639 
90693 
90747 


„9odgco]. 


„90320 


90325 


9059 
906 


590380 


90596 


9.332 


90336 


59038 5 
99439 


90709 
90763 
90816 


90390 
90444 


90493590499 
5905477590553 
90601, 9060 
59065 5, 90660, 


90342590347 
90399, 90401 
5903 50, 90455 
„90 504-9509 
$1,90563 
906 17|,90623 


90671 


590714 


90768 
90822 


590725 
5990779 
90832 


90352 
590407 
590461 
90515 
90569 


90677 
a 
990784 
90838 


„90412 
90466 
590520 
90574 
90628 
590682 
90730 
90789 
2843 


„89922 


90031 f 


903040 
90358 


91222 
59127591281 


590848 
90902 
,909 5% 
91009 


941169 


91328 


,94 062[,91068 
5 ade e 


90854 
90907 
90961 
991014 


591174 
591228 


22 


90913 
90966 


908 59 


91020 
591073 
591126 
591180 
91233 
591280 


291339 


$9107 

291132 
591785 
91238 
991291 
27344 


90870 
90923 
90977 
591030 
591084 
91137 
591190 
91243 
291297 
591350 


590875 


: 90929-99924 


90982 
5910 6 


590881 


90886 


900940 


590891 


000 


5909 8 
591041 


91089 


591302 
225 


O 


2 


3 


4 


5 


91142] 91148 
5911969120 


59124991254 


91094 


91307 


SIT” 


5 OY 


590897 
590950 


„9099359 


59110 
91153 


,9 1206 


991259 
594312 


— 


21300 
6 


91365 


«$QOQna 
A 


»9 1040191052 


591105 


91158 


91212 


91004 
991057 
5991110 
91164 
5991217 


9131 
91371 


377 15 


91323 
91.376 


7 


8 


2 
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TABLE or LOGARITHMS. 144. 


5 


Numbers from 8200 to 8799. Logs. from, 9138 1 to 494443. 


O 1 


2 


. 


5 


S -: 


7 


8 


9 


Z 592891 
„9294292947 


591487 


459169 


{91803 
91855 


4-92169 
592221 


9232 


29138 1,9138) 
9143491440 
91492 
291545 
91598 
591651 
591703 
91756 
91808 
91861 


591540 
191593 
9164. 


591751 


91302 
991445 
591498 
91551 
„91603 


916560 


591709 
791761 
591813 
591866 


91397 
91450 
91503 


9 7408 
591461 


2691777 
( 91882 


91514 
91566 
591619 
91672 
191724 


291829 


191913 
91965 
92018 
592070 
92122 


91908 
59196 

592012 
92064 
592117 


92226 
HS 


92330 
592376192381 


591918 
91971 


592075 
592127 


„92231 
92283 
92335 
592387 


92428092433 
92480, 92485 
22538 
592583,92 588 
59263 92639 


92438 
192490 
192542 
»92593 


592023 


592645 


592028 
92080, 9208 5 
„9213 592137 


92302 


50244 3]-92449 


93099 


„92788 
592840 


92993 
93044 


593146 
19329 


»93349 
293399 


»92636|,92691 
592737592742 


92696 


192793 
92845 
„592825 


92799 
5928 50 


92952 
59299893003 
93049 
93100, 93 105 


931516931565 


192747» 


592901 5 
— 


5930 540 


94934 
591986 
592038 
592091 
92143 
92195 
92247 
192298 
292350 
592402 
92454 
992505 
592557 
92609 
592660 
592711 
592763 
792814 
92865 
592916 


„91413 
9 1466 
91519 
91572 
91624 
91677 
591730 
91782 
91834 
91887 
591939 
591991 


92044 


92096 
927148 
92200 
92252 
592304 
92355 
9 
992459 
92511 
592562 
592614 
592665 
592716 
592768 
592819 
592870 
592921 


91577 


91418 
91471 
91524 


191630 
191632 
91735 
791787 
91840 
„91892 
19 1944 
91997 
92049 
292101 
192153 
592209 
592257 
92309 
92361 
192412 
92464 
925 16 
592567 
92619 
592670 
592722 
992773 
92824 
92875 
292927 


91424 
191477 


91529 


591582 
791635 
91687 
91740 
291793 
9184 5 
97897 
97950 
59 2002 
92054 
92106 
„921 58 
92210 
„92262 
92314 
92366 
92478 
592469 
92521 
292572 
92624 
92675 
„92727 
592778 
92829 
92881 
592932 


591429 
91482 | 
9915351 
91587 


916931 
917451 
591798 ö 
91850 4 
191903 
»91955|þ 
»92007 
92059 
92111 
92163 
92215 
5922671 
92319 
5923711 
9242 3 
192474 
292 526 
5925781 
92629 
592681 =, 
5992732 
92783 
92834 
292336 ! 
292937 


„93161593166 
932125932177 


92967 
593018 
93069 
93120 
93171 
593222 


92973 
93024 
93075 
93125 
93176 
93227 


93197 
93247 


93202 393207 
93252793258 
93303593308 
93354593359 


93450 


5935517 


938 52 


94151 
6940 


9350⁰ 


93601 
193651 


.93802 


»935Q5 


»93656 
593702, 93707 
593752 


19 34551-93490 
193510 
»93561 
93611 
593661 
93712 
93762 
593812 
93862 


93556 
93606 


92757 
93807 
93857 


»9 3902 


594002 
594052 
794101 


293907 


93252593957 
594007 
594057 
940 
»944 56 


93012 


593263593268 
93313593318 
9336493369 


»93404|»93409]+9 3414493420 


99346593470 
»93515'93520 
193566193571 
593616593621 
59366693671 
93717593722 
93767593772 
93817593822 
193867193372 
19391793922 


»9 3902 
594012 
594062 
994111 
»94 167 
+94211 


1042 


94250 


© | 


294255 
194300943095 
294 3491-94 354 
943991, 9440 


TP PETE 
594260 
94310 
+9435 

244 a 
2 


| 


193907 +93972 


9496 7;,94072 
1941160,94121 
194166,94171 
194216,94.221 
59426594270 
794315794320 
94364794369 
+944 14 94419 
£7 ol 


»9327 31593278 
»9332 3/»93328 
93374903379 


232 224393435 


292978 
93029 
93080 
293131 
93181 
+9323? 
93283 
93334 
93354 


92983 
193034 
793085 
92136 


92988 
593039 
93090 
293141 


93186 


93192 


93237093242 


22250 


93339 
93389 
93440 


593344 
293394 
223445 


»94017;,94022/94027 


93576 
593626 
593676 
93727 
293777 
93827 
193377 
193927 


19347 51593430 
93526693831 


593732 


593581 
193631 
92682 


93782 
93832 
793882 
1939 32 


193977 


294077 
594126 
94176 
94226 
194275 
194325 
394374 
9442 


93982 
994032 
294082 
294131 
154181 
94231 
594280 
994330 
194-379 
+9442 9 


93485 
93536 
93586 
593636 
93687 
93737 
93787 
93837 
93887 
222 


93987 
194027 
94086 
794136 
94186 
942 36 
94285 
94335 
94384 
19443 * 


103942 
— — 


593490 
93541 
935891 
593641 
93692 
293742 
593792 
293842 
93892 


193992 
94042 
94091 
594141 
594191 
594240 
594290 
94340 
34389 

94438 


—— —_ 


6 


5934951 
593546 
93596 
793646 
993697 


193797 
193347 
93897 
993947 
193997 
194047 
940% 6 
594146 
594196 
94245 
594295 
294344 
19439 

104443 


— 


r 


2 


916408 


193293] 


93747 


TABLE or LOGARITHMS. 


| Numbers from 8800 to 9399- Logs. from v 94448 to — 


2 


2944383044930 
2594537594542 


65945911 


5594635594640 


594689 
594738 


8,9478 3,9478 
294332194836 
94880, 9488 5 
2429422929493 


»94973|,9498 3 


13509592100 


21,9502 7%9 50321 


59507559 508 
9512495129 
951737595177 


741 N 7775 


»9 $22 


29 $27 095274 | 


zn 952455 „95260, 95265 
9530895313 


E 2195357195361 


8795323 


95366595371 
59541595419 


»95386,95350þ95395 9,9545 595410 


543798439 9545395458 


59546395468 


95501, 95 506 
23558 195554 


»9553 55534 


993297 
95578,95 583 


95516 
595564 


59560795612 


95655 
956989570 | 
95751195756] - 


9562695631 3564193646 
29567495679 
»957221,95727 


661,9577 195775 


2 


„9566 
595708 


95804 
77595852 
282899 


95938 ,9594-95947 


80,959 85755995 


$19 6042 
960 ο 
796137 

9618 5 
7962320 


596275, 96280 
596322ʃ,96327 
59636996374 


DET On 

6 þ9644596450Þ 
96492, 96497, 
36589 96544. 


779842) . 


851 596515 3 


81,96562 


60 „9660 5j, 966 
36685 
J 5966999670 

36746755 


96680 ,96685 
96727967340 
29677496778 
»96820/,96825\,96330 


196797 


28357255 
90895|,008 


596937 


96979, 969 
9702 9.9703ʃ 
759709, 97 
97118,97723 


79,7083 
97095597 100 
»97141]97146| 
297 138|,97192), 


1:97 x6 


59721 1.977164 
222042208 


972809728 52 


7959951 


— 


Tania Lo ARIT HMS. 144. 369 
| F \" Nianbers from 9400 to 9999. Logs. from 39731 3 to 95595 · 


2 1 * "7 3815 «x Me | 4 + FER => 10. "37 4 x9 Þ 
0 4497313 9731719732297 327 9733109733 47345 97350,97354 | | 
39735 9730497 368 $97 $373þ97377þ97 382 197387 ,97391097396 97400 
$97405þ97410,97414þ974-19þ97424[9742 19743397437|97442 297447] 
97460þ9746 5697470%97474697479-97433þ97488 59749 3) 
A 97497%½97 5029756b6},97 511þ97 516|,975201,9752 5,9 7529975 497539 
975437597 543þ97552þ97 557 975621,975661,97571/597 5751975 959758 
$97539þ9759497 593þ,97003þ97607|,976121,97617,97621|,97626 ,97630 
© 1497035þ97649,97644þ97649þ97653},97658],97663,97667|,976721,97676! 
8 9768109768 5976909769 5597699, 97704, 97708,977 1359771797722 
$9: 97727þ9773197735þ9274%97745þ97749þ977546977.59þ9776 3129.77.68 
97772þ97777 6þ977911597795|97800,97804/97809/,97813 
*1,97818þ97823)9782-7 978320978 ; 9784159784 5,978 50þ9785 5097859 
59786497868 5978 735979779788 2,97886,97891,97896, 97900, 979 
97909597914 97928,9793297937797941,97946,9 7950 


6 & £ © 
"2-4 2 i © | 


2 
"*. 2 


” Mu 
2 


wo dl 1 2» 


Q 8 
2 
QR 


9 Ee, £ 
by — 4 7 
. * 4 . ws *, 


19. 
— 4 ono 


0G 


E [954 92955592959 979735979780, 7982,9 7987/999169 2996 

95s 584 855% 5980199802359 8028,,98032,98037,9 8041 

- . 956 „980460980 50% 98064598068, 9807 3,9807 898082, 98087] 
253 9809 1598096 9810998 114,98 118,98 7239812798132 f 
958 98 $14 98141 9815598 159098 16498 1689817398177 

7 282. 981 2598 1867981 ut 95þ »98200\,98204|498209 »982141,98218|.98223)} 

7 [960 »98227|-98232|,9825 1698245 98250 2828828258253 25268 

J 961 982% 982779868 98290, 9829 5,982 99,908 304,98 308, 98313 


J 562 98318098322098927 9933 36,98 34093345692 349 983541198358] | 
© $963%98363þ98367þ98372|-98376,933811,93385|,98390-98394-93399|98403F / : 
J $964 ae »98417|98421|,98426(,984.30 24485 98439798444/98448 
4 3698752 4579846269 846698471/98475¼98480,%98484/98489 98403 | 
1960 „98498098 5098809511098 516,98 520, 98 52 51-98 529598 534,98 538 
967 5985843598547 9885298 5 56598 56198 565,98 570,98 57498579098 583 
1968 9858898 592598597%98 60109860 5,986 10,986 14,986 19 28683 598628 
4 |S 9883298537864 98646986 501,986 5 51,986 59,0 8564/0 865898673 
4970 4,983 98682/98686, 9 282852876877 9870898713 987771 
1571 9872598720873 198735798 740,98 744,987495987 53,987 58,98762 
9876779827098 77609828098 84,9 8789798 7935987989882, 98d 
73 93811þ93816|,98820,9882 5,9882988 34,988 38,98 84398847988 57 
5988 56698860 2 »y8869,98874/.93878|,9388 3|,98887|,98892|,98896| 
,98900þ98905\,93909(-98914\,93918\,98923/,98927,98932|,98936 3853 
9894 5þ9894 998954989 58,9896 398967, 98972,9 897669898 1,9898 5 
98989 nk 9900 3,990,990 12,9901 6,9902 1,99025|,99029| 


„% % — „„ „ „ 
4 1 * Bei af "uw 5 N . >> 1 EE1E3222ͤĩð§]'ů Ä 3 by 303 "vs 1 
* 12 ” q * 1 1 - . . 
; 5 5 


4 a7 


am $2 94 K WHAT, - 4 2 
2 
. 2. . * g b 4 


78  »99034þ9993849904-3/299047|99052[,99056[,99061{,9906 51,99069[,99074 
979 þ99078þ9908 3950871990 92|-99096Þ99 tool,gg 195/-99109þ99114|99118 
992459927 I Dre dans 99749599 54699158 99162 
599167, 9917109979180 99185|,99x391,99197,99198|,99202 [,99207 
"þ99211þ992 16,9922: ,9922499229,99233),9923 9924299247902 510 
599265799260, 264/9926999 273,99277, 992825992 86/9929 1,9929 
4 9930 2230/99305 99313799317,99322,99326,99 330 3833695339 : 
9934 9345 999352þ993 57þ99361|-993661,99370,99374þ99379|9935 30 
599395 9259939699409 9 406699105994 14,994 1994239942 
| PIN4E [99436 1994419944 55994491994 541994 58599 463599467, 99471 
9470þ99450,994842994391,9949 3/:-99498[,99 502/99 506[,99511|,99515} 
252. 22255 4 ee 8 2 9282 


* * 2 A Ay 1 


$99564699563,99572þ99577þ9958 99 58,9 590,99 59499 599|99603} 
2 8 33655 1995121996 20499021 ,99625,99629 996349983899 seg“ 
12 yore 65999 0699664,99669|,996731199677,99682þ99686(;99691jþ 
2 592 2 9996 9,99704þ99708,99712|,997 17|:99721/997:9þ99730[,99734 
| 9% 1-99739699743»99 747997 52þ997 $699 76019976 8,99 7699977492780 


9953088979984 399 843,998 52,998 569986199865 
99878½9988359988 7,9989 1, 99896, 9990099904, 99909 
9966999 30,9993 3% 2 4 9995 | 0 


8 rk 4 1 99791 $99795þ99800,99804 99885 998130998 1999082 


8 2 23 99974þ99972þ999383»999$ 71-9999: þ99996 
— — 4 -- 
36d | \ N EL = , 
44 ** — wank, ot et 1 — — a W . 
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I 


© Degree, | 1 1 Degree. ll. 
Aa Tang. tang. M Sine. || Co-hne| „Tang. Co- F 
r,09090j0,00005 Infinite. bol 018,241 $619,99993/8,24193(13,75808\60 
9999991614637 3113-53627 59 8,4903 999993 $,24910|11,7 32 
9,99999{6,76476|13,23524 1 8,36609 9,9999 755 11,743 E. 
6, 9305 51 3,0591 557} 3j8»2630449+99993|$,20312f1 1,73638|57 
979999 726579 12 3421 560 46, 269889,99992 4 22• 11,7004 56 
9+99999| 7916 «7: 3730 55 5$j8,27603|9,9999248,27669]1 1,72331| $51 
9599999 n 8 12,7 5813 34 28324/999998, 28332(11,71668 54 
5.99999 ,7,308822,69118 5307828977 9999992 8,2898611, 71014051 
9,9999907, 2668212, 633185208 3 9.99991 3,2962911,72371/52 
9799999741797 ee 1 222218. 3026 11 69737153 
7246373 12,$363715 755525 J. 888 11.6211 * 
9.999997, 505121249488 9.9999 8,31 505/18, 49 
9-99999[7»5429 (11 2,457C9 19-99990[$, 321 12|11,673 2 
75.99999877TZ 2,4223470 1 828805 8.3271107,67289ʃ47 
8509.99999 285225 0182-39074 19-9990 9990] $,33302|: 1,66698}46 
9,9999 26353 212, 3501845 9,9999008, 338861,66 14/4 5 
84999999 7,678 f, 33214401 — $:34461111,65539/47 
999999769478 12,3058 243 9.999898. 350291 1,6497 
9,9999907, 19001, 28 10042 9 999 1.28525 11,6440 
22244 2.92222 2244827828241 222289 8.38143ʃ11253882 
2017-7647 5/9:9999917»70476|12,2 3524 99998818, 36639|32,6331 1140 
2 117»78 5949-99999} 7>7859 82,2140 21}, 37217\9499988 $, 37229 11,62771|3c 
227,80 1509.999997 12,1938 513 9.99988 $,3776% 11,62235}38 
12307884579 12417454137] 9999871 3,33289[12,61711 
2417»84393; 9:99999Y 7» 1a, 15606036 9.999878, 3880911,6119. 
2517-86166 9,99999/7486167[12, 23833/35|2 9.99987 8,3932 311160677 
26 7+87870:9,99 7+37871[12,221 15.295453. 3a 1,6068 
27 7:89 $09/9-9 89 5 1012. 104903 278 2009.999858, 40334011, 59666 
287,9108 9.9 7.9 io89|r2,0891 1 9.999868. 408 3011, 59 170; 
290222812 9-99998 7792613 [2107387 E 9.99935 3:41.34] 11,5867 
70 7. 940 9,9999 5 7794080 127099 74 14 9,9998 5 8,44 THT 
31 [7195508 99998 1+95$10112,04490 9.9998 58,4228 11227273 
32|7+9633719,99998[7-9038g[12,031 11 (9>99984|$,42762|11,572 428 
12 7+98 2239,99998½7,9822 51, 177 9 99984/8,43231[11,56768|27] 
\ 341 7+9952019,9999817>99522(12,0047 9,999841$,43696111,56304|26; 
3 $/$,00779 99935 8,0078 17,9921 9-99983/$:44156131,55 25 
n 9999 9.99983 8.44611 11,55389] | 
137ʃ8.03 192 9,9999785, 031 9.99983 2 14,84939] 34 
3808,04350 9.99997 9.99982 8,4550717, 544932 
39,8428 92999297 92988. d 1175408221 
28825 5.99997 4e 4e 65,99 T:46385/12,53015/20) 
5919, 9999708 118.4679809. 99981 846 17111, 53183 12 
208, 08696 9, 99997, 0 226505275 4275087280 18 
43 09718, 99997 25 115 170438. 476 50,9, 999 92455 1,3233/27 
8, 10717, 999968, 80699,99 98008, 48089 7,5 192 2/16; 
My 8,1 169 1[9,9999 518-4848519,99980|8,48505|11,5 35 
(4015+13647 19.9 4859619.99979}5,489171 1151983) 14 
[47{8.2358: 199996($»1 35 1 $-47]3-49304{9+99979|$,4932 11, 2067s 130 
48 8, 14495. 9999608, 1450011, 3 5500/1 2/4 4970819499979 $,49729]11,50374ja2| 
93,1539! 9-99996 8.1579 2234 % 11498, 5010819:9997818. 5023 12,498 [236 
5013, 1626319,9999 513.1 627 3/11,83727/10\5 5, $0304\9o99978 5 
5108, 17128,9999 5,2713301, 82867 9h 5118, 50897 9,99977 8.094 rel 4 
| 5213,17971 [9,99995}8, 17976|11t,82024| 8528.5 12879,999 77/8, 10% | 
| 5313, 13798[9,99995[$,13804\12,$:1 $313,5167 319+99977 l 1:48 $04] 7] 
A8. 29610 9999 5, 19626 7 | 61$419+5205 9+99970[9,520791 1 147927] : 
[55 — 9999948. 20413 . * 5 518, 524349,999 5 $i $91 81247 $41] 5 
56 2 222272335 117 568, 5a8 10]9,99975|$, $3835| 11,4756 
57j8,2 1953 19,99994{$,22964[11,78036| zj[57]$,53:183/9,99975 125 1146792 ' 3 
$818,22713)d,99994$,22720/11,772$0| 305808, 53552[9-99974/$$3579| 11,46422| 2 
47885 2228.74 11.7638 1115918, $397 $9-99974/$, $3965] 144 j 
$,24192]11, 8, | 74\3, $4 398} 13-4 | 
. [Co-finE 1 0-tan. — o-fine } Sine — — 
eie Dez Trees. n res. 


” 7 * 
* £1 
4+ $57,790 Ruan 


— 


* 


TABLE: er SNES b TANGENTS. 446. 371 


Trees. 


5 


8,86773½1,43 42253 


228,61 58 9,9990 3 


46 


:þ 1918457757 


$,537114{41342886Gj52 173767 17,2616852 
Lt E 82222 2˙292.4ʃ8 01125937151 
$,577$3/11,42212]50{10j$,74226(\9.999 34\$,74292|11»25708| 5 


3,58+21111,41879 
{12}, 58419{9:99963[5- 5845 1/4 2,41 549} 


Mf_Sine 1Co-fine | Tang: [Co-tang- 
o[$,7 18 809, 999408, 7194011, 280606 
999408, 7218. 11,278 19 50 
aq 11, 27580 58 
3 372857 9993$\8,7265911427341157 
. 549, 999388, 72896011, 7104/56 
58, 730699, 999378, 7313011, 268 6805; 
e 11,26634 
8,7353 59.999 3608, 36001, 2640053 


2880 


O 

1#]3,744 5419-999 338745211, 25479 49 
8,746809,99932/3,7474Y1 1,252"2/4 

5 


1308, 587479999678, 387790 1,4122½7 [13/3,7490619,999 32 8,74974/1½ 50264 
14 2555 9»99967[$,59105/11,40895146 | 5,751309,99998 $,75399]11,24801146 
15/8, 59395/949996615, 594235[1 1,40572/4.5 [1.51847 5353/9-99930[3$>7 54233 1124577 4 
[2615-5971 $[9-9996618439749/8 1+492 51144 116/3,7557 59,99929 $,7564911524355|44 
178, 6003 39,9990 508, 600631 1, 3993243 757959, 999298, 758671, 24133043 
1 0 56038411, 39061642 17601 59,99928]8,7608 7/11, 23913042 
191 8,6066 29,999 648, 60698011, 39 30 2K1 3,762 349999278, 76300011, 3094041 

10.8, 509739, 999648, 5 100911, 3899 40 08, 764 5119,9992615,7652 11,2347 
4.67232 97999638, 61 12.868159 3.78885 9,9992668,7674a½ 11, 23258039 


14538374 


8,7688 39, 9992 5,7695811, 23042 


123 58.678 8.619311, 3806 770979, 9992487717 3[11,22827j 37 
| 24 2.6219 8,6223411, 377063648,77370, 9992357738 122613 36 
12586249 $,62535111,3746513 5 58,775229,9992 3,77% ,22400;; 
268,6279 5 $362$3441 1537 166034268, 7773 9,9992208, 778 110112218934 
1278, 63091 8.63131 11, 3686933 85779449, 99921 8,7802241 {1,21978 33 
2808,63 38 5 8.65426011, 36 574/32 2808,78 1 529, 9992058, 782 32011, 2176832 
| 29]$:63678 $,6371$|11,36432/31|\29]3,7836: 9,99920[$,78441 01,221559[31 
$1301$,63963{9+99959[$,04009[11,3 599 1[30{[30/$,”856519,9991 9}5,7$649}1 1,2 135 1136 
Ji31 2263259 $,64 114357039 $,7877419»999 18} 4788 $511,210 14 5/2 
62 564543 8,6485, 1,3541 a8 328,789 799.999 1715, 79001] 1, 209392 
138,64827 $,64870j11,35130ſ271|33]3,794 $319,999 17[5,7920611 1,207 34|27 
1.348, 65110 8,651 5 11, 343460260 3408, 79386, 999 1608,79 470011, 20530026 
; 135 8,6539 7 8,6543501, 3456 50 5 35/8. 795889, 999 158,7967 3011, 20327 5 
R 565670 8,6571511, 3428 502436ſ8,797899,999 14087987 511 1,2012 5/24. 
3718-65947! 8,6599301, 34003 37ʃ8.99909, 999 13]5:80070|11,19924 [23 
3818,66223 6626911, 33731220 3808, 801899, 999 38.802711, 19723022 
39/8,66497 8766 54311,334 721 32882288 97999 12 8. 8047. 194232421 
1888 8,668 16/1 1,33 7184204008, 058 59,999 1708, 8067411, 1932620 
1141 365535 8.670871, 339130194 108,8782 6 8,80872J11, 1912819 
428,67 308 8,6735611, 3264418 4208.309786 58 10681 1,18932 18 
Wa; 365875 8,67624½11,32376017 [43 $,$117319,9990913,8 126441 1,1873601 
$14413,67841 678901 t, 32 110076448, 8 3679, 9990808, 8 14591, 18541/1614 
518,68 104 8,6818411, 3184654 508,8 15609, 99907 8,81653011, 1834718 
168,683 67 8,6841711, 31583 1404688, 1752 9995688,8184011, 1815414 
$147j5>68627 $,68678|1 1,31322\13[\47|9$ 19449,9990 58, 82038011, 1796213 
4$18,63886 $,6893$jx1, 31062|12114$13,821 341949990413 82230011, 17770012 
1122 869142 8,6919611, 3080401 42 8,82 3249990488242 11,17680ʃT11 
508, 69400 508, 52 5139,99903 8,8201011, 1739010 
1 209058 | is 118,38270119,99903[$,82799[11,17201 9 
128,699) | 8|/5218,8288819,9996113,382987[11,77013 
$:|3$3yot59 9:9994518,702 14/1 1,297 7115 318,83075}9,99900[$,83175]11, 16825| 7 
419: 7040919; 9994408, 7046 51,2955 60 5408,8 326 1,9989908, 8 336 10 1, 16639 6 
5513;7005319,999441$,70714\r1,292836| 55 58,8 3446, 9989 88,83 547 ir, 16453 5 
'5613;70905 9,99943 370962 1,2903804 5608, 8 30 309, 998988, 8373201 1,1026804 
5 713371 15219,999421$;7 081,879 ] 3 578,838 139,99897 8,8391601, 16084 3 
8 127755 55 588,8 39969, 99896884 100011, 15900 2 
9871638, 5918,841779,9989 5088784282 1,15718 1 
g. 71880979 5008,8438898948,844640½ 1,1 5536! © 
e it. N 


Co fine Sine Co- tan. I angent. 


86 Degrees. 
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TIE Sine 15 o- ine 


4 Degrees. 


egrees 


Tang. [Co-tang. 


a. 


Tang. [Eo-tang. we 


98,843 58 
12524779 

8584718 
38534897 
4585075 


I 5 8,8 52 52 
68,8 5429 


7.8,85605 


8 8,8 57809, 9988) 
28882832228 


999894 
979 
9.28895 
9499 A, 
6 —— 890 
29989 

298883 
999888 


8,85893 


88618, $b069 


= 


931$,8464 
230 —.— ; 


eee 55536160] 
17515354 


1115774 
11,1499 
11514815 


11, 14637 
„446 


[| 1,14233 
I T,14107, 
222 


10 Ts: 9.2285 5 


11 3,8630 I 


[12;3,8647419,99883 
FH 38,36045 9599882 


143,868 6 


15.8, 869879, 99880 
68,37 56/9,99879 
178,873 5,998 79 
188, 87494 9,99878 
128 8766 9,9987 


9,9988 4 


9.99885 


8.86243 
3.86417 
8, 86592 
8.36763 
8,8693 
8.87106 


8.87447 
8,8761 


8.8778 5 


11,1375 


11,13583 


11400 
11513409 


551} 


$9 


$61}: 


54]þ 


530 


52 
$1 
50 


48 
4 


38 P 
571 38 


49 


Cos fine 


8,9460 = 


8 3194746 9,9982918,94917 
$9483719,99828 


8594773 


1550337 « 
21,05227]56 
11,05083j5 5 


6 5060 11,049 405 
788,9 50299,998 278, 95202 
818,951709,9982 08,9534 
908,9 53109,9 9824/8, 5486 


14,04798 0531 
14, 0465652 
I $1 


11513237 


11513065 


11512894 


8,8727701, 12723 


11,1235 


11512384 


11512215 


47 
46 
45 
44 
43 
42 
41 


105,954 509,938 30895627 
998322189 57674115042 33/49]}. 
89,9582 11$,95908{11,04092]4>|f 


11,0437 3|50 


11403953147 
11,038 134 


11493675145 


6411,03 536); 


41,03201 | 
139603123141 


20 208,87829 9.99870 
112218799 519-99875[5 
228,88 16109 2587408 
13 8,8832 6,9873 
48,8890 9, 99872 

4 5,3,$865419,99871 
27 8438585 — . 8,8 


| 2285 9304 23260 


8 49755 


215 


8.3845 
8,8 8618 


8 89141 
8,8974 
8.89437 


11,12047 


12011511880 
11511713 


1111547 


11514382 
1151 1217 
$[423r1052 


1110889 
14510726 


1110563 


40 
39 
38 


37 
36 


34 
33 


35 


321| Sj 
310 


8,9802609 


3(11,02987 


11,028 | 
2 538 
11502579037 
1150244408 
11,023 35 


1102175 34 
11, 02041 ö 


809 1,1908; 


$39 8, 89464 [9499566 
38.890 59,9986 5% 
9,9986408, 89920 
33 8,89943999863 
348,90 702 9,99862 
358, 902609, 99861 
368,904 129,998 6⁰ 


8.89 598 
389760 


8,90080 
8,90240 
$,90399 


38 3-907 309,998 5 


8,90557 
8,99872 


1378,90574 1112 


3289883 2.2288 
f 40 80 1040 


28.2222 


9.998 50 8.91185 


418,911959,9985 518,91 340 
328,9 7349 9,998 545,9 7495 
38,1502 , 998 338,9 1630 
448,9 16559,998528,91803 


458,980 9,9985 
148.9959 9˙998 50 
478,921109,99848 
1488,922619,99847 


2 


44 


— 


8,9241 


1508,92 56 19,9984 
ST 8992710 8.00844 


99846 


191957 
$,92110 


$,92262 
8,92 565 


8,92414 


8.92716 
8,92866 


115213 928 59, 99843 
538,9 3007! 
54489 31549-99841 


$ 519293301 


5618,93448 
57 $,93.594[9»99838 
33]3,9374019-998371$ 


59j3,9338 5 


$60[8594030 


$19 9 00T 


9.99842 


599840 
99839 


9983605 
9,9933418 


8,93016 
8593165 
8,93313 


$,93609 
$2937 56 
2 
"et 
94195 


o-fine 


45 


Co-tan: | 


I 1,40402 


11,10080 
11,09920 
1109760 
11,601 
11509443 
11,09285 
11,09128 
11508971 
11,0881 5 
11508660 
1 1508 F056 
11,083 50 
11,08 197 
1.08043 


11,0738 


11507284 


11,07 124 | 
4 


11, 28 
11,06 
1 1706685 


3.252050 106 538 
1106391 
11,06244 
11,6097 
11505951 
1105805 


Tangent. 


11, 10240 


11,0890 


11,7586 
11.074350 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 


17 
16 


15 


30 3008,98 5? 


__ 


18 


31(8,98288 
328,98479 f 
3308,98 5499 
348, 98679 
25 8,98808 
3608, 98937 
378, 99066 
388,99 19 


428, 99704 


448,999 56 
459, 00082979978 
400%, 0020 


M 


Degrees 


529, 0095199977 
5 319-0107 


599, 1803 


59979 


5019,0070419,99775 
$119,008 2819,997.7 3,0155 


199771 
54 9501 1969,99769 
55 9501318999768 
5619,0144019,99767 
5719,0156119599765 
5819,01693/9,99764 
599763 
| c[60/9,01923/9,99761 


19, 0 301 


9501179 
201303 
101427 
2015 50 
10107313 
z0179 

501918 
„02040 
502162 


' 1Coſine t 


Sine 


8 99502 11300338 


| EE [7,01648 3 
598490101510 


1150137 


9878311012477 
9979508, 988841, 0111626 
b,99015]12,co08 2: 


99275 11,0072 5|2 3 
8,9940511, 059 5/22 
98.99322 9.997888, 995 34011, 00466 K x 


4008, 994 5019»99787 
418,99 5779,997868,99791 
9499785] 
438,998309,99783 
599782 


— 


11, 0020919 


8,9991911, 008 J 
9500410, 9998407 
900174010, 9982607 


9978009, oo 4710, 99573014 
13479, 003329,99778 90053 
4809, 004 569,99777 om a 
4919,00587 19977 019008051 10:99 19511 
9500930 * oh l 


10,994471! 


9,000791 10,99 321 


IQ, 
485328209 
10, 9869 5 
10,98 5730 
10,9840 5 

337] 4 
10,98 


10980820 2 
1059 1 
19,7438 

7— - 
Lenzent. N 


84 


rees. 


* 


11503392 0 - 


J 


_-þ Degree res. 


N - ge. 


— 
* 


. 
439, 97609,02283 
= 3.9» 
0383 9.29757 9502525 
49956, 02645 
02 20 
|. 122 02639 
1 7 102757 


102374 
| : 9 9502992 
109, 3109 
119,0 322 

129,03342 


Co fine. Tang 


02162 


9.7599»02404| 


9299755 9502766 
9.997539. 02885 
9799752 9703005 


922 749 9203242 
9499748 3361 
95 747 9503479 
9.9974 903597 


| 12 9.034589,99744%,03714 
14 


|; 


} 


549799723 


og 


103574 
953895 
9503805 
179,03920 
904034 
9844909 
95.7 
769,99733 04708 


719+9971 
f 33 9505717 
505827 


709,884,997 
19.065899, 99704 


10 — — — 


— — 


9.99742, 03832 
979974 1%, 03948 
99974099, 4065 
9,997 3819,0418 1 
95997379, 04297 
9973609704413 


Co -tang. 


9799751903124 


10,97838 
19997717 
1097590 
10597475 
10,97355 
10597234 
10,9715 
1096876 
10,96 

10,967 58 
16,98675 
10,96 521 
10596403 
10, 96286 
10, 96168 


9 


970858 
= 
9,087 * 
9508897 


on. SYnnnlo 


21999674 
999672 
9.99670 


9759019 
9709123 
9709227 


789999 
»& 101 


940 202 
9,09 304 
9509405 
9,09 506 


99669 
9 99667 
999666 
9799664 


9509330 
9,094.34 
9709537 
9509040 


= 81 


10,90 77 


10,90773 


10,90070|56 


10,905 66 


10, 904635. 
10, 90360 


999663 
9799661 


2209845 


9509742/10, 902 58 


10, 90155 


9509606 
9709707 
9,09807 
9,09907 


10,96052 
1095935 


10 d 


10,95703 


15 


1995587 


42 


41111 


9997341904528 


9,997 319-0475 

9.997 309,04873 
9.99728,04987 
999727905101 


9505441 


29972109.08883 


10,9 5472 
1095357 
10,95242 
10,95127 
10,9 5013 
1094582 
10, 94786 
10,9467 
10594559 
10,94447 


40 
39 
38 
37 
36 
35 
34 
33 | 
32 
312 


9.10893 
97109 O! 
927 1087 
9511184 
9.11281 9,996 32 
15344 99630 

1147499629 


9505666 
9205778, 
22 890 
9506002 
99,6113 
9506224 
950633 
992445 


8950 6556 
9.06666 


97599720 
9799718 


9799716 
29971 
9,9971 


10,94 334: 


[0,94222 
10,94110 


105,93 E 


1059388 


10593770 
10493665 


30 


2 

28 
27 
71261}; 
25 


2 


10,93555 
10,9 3444 


10,93334| 


231 
22 
21 


9799659 
9,996 58 
9599656 
99635 
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19373319,790202|t0,92 3798 


! 


— 


nnn I  rn 


T”]y = 7 


r * 


»* 
oo * : 
4 
2 * 


25 TABLE or SINES 2 TANGENTS. , 145. 


| | 32 Degrees. - 1 33 Degrees. 
9 i DEE Cos teng. | |M Fine. Co- fine] Tang. Co- tang. 
00 5724.21 29284: 9;79579]10,20421 6oll © 1736111992359 958125201 105187756 
119,72441 19:92 34) 179057110,20393[59} 119,73630[9,9235119,31279 10,1372T'5 
219-724 552872773605 10,2036 5,58 2192730 5019992347 9,81307|r0, 8697/58 
319472492 9792818 99796 10,20337 57] 73669 9:92 33419-81335] 10,18665'57 


19/72 796 91 ab 30 56 419-7303919,9232019,$1302[10,18635,5 
89,72 522 9.92803 9979719 10, 20281055 573708 9,9231819,31390 to, 1861055 
1972532, 279 5,7974705 2025364 619,73727[9192310[9,81418[10,13582 54 

19-72 50219,9278719-79770110,2022415 30 719-7 37471992 302,8 144 510, 185653 

72382927799, 79804 10% 0196/52 8/9,73766t9,9229319,81473110,18527\52 

2972602992771 9,9832 fo 2016805 10 99, 7378 500, 9,92285 9,81 500, 10718 500051 

10 9,7202219,92763:9,79 86011 , 2014050 7877865,4277 9581528 10718477 50 

11,7264 9.92755 9,79888 10,0112 49 11,738249,9226909,817 ZN 1,1844449 

0: „7286J9,92747 957991600, 200844812 973885 9792260 9875 19, 13417 48 

9.72683, 2739 „79944005047 39,738630992252 3,818 17\10,1$389/47 

191997 27031992731; 922972 10, 200 E819, 73882992244 2281888 10, 1836240 

| | " 9,7272 319,92723/9,8000cſ10,20000[4.5 1519,73901[9,92243519,$1666|10, 71833445 

[| 45,7274 3,927 15958002810, 997244 17,7392 19,92227 9,8169310, 1830744 

| $2219472763 992707 g,86056 10,19944[4.3117/9,7394019,922 19\9,81721{10, 18279143 

189,72783 9.92699, 8008410, 19916042189, 739 99,9221, 81748010, 1825242 

1919,7 2803 9,9269 19,801 ra 10, 19888410199, 73978 9.92202 9581776 10918224141 

20 9,7282319,92685 $0140[10,1986&/40{2019,73997}9-92194\9,$1803 10578197) 40 

2119,7284 3%, 92575 9,8016 7, 79832 3912 19,740179,921869,81831 10, 18 109/39 

22, 72863 9,92067/9,50195 10, 198050380229, 740369,921779,818 58 n 387 

| | 2319,7283319,92659/9,80223|1c,19777137123/9,74055|9,92169 981886110, 1811437 
| 4 124, 72902 99265 119-30251 10, 19749036024, 74074 9.92761 9,8191 al 10, 18087361 
8 ; 2597292209 92643, 80279 10519721“); fa 5,7409 39,921 52958 1941 10, 18059 351 
20 9729425, 9,9263 5 950307 10,19694134[2619,74113/9, 292144 9581988 10, 180320340 

| | : 27,9+7296219,9262719,8033 5/10, 19665133 2719974 132/9592130 (9,81996110, 185433 

| . N | 289774982 9,9261919,80364|10,19637132128/9,7415119,9212719,8202 3110, 797732 

| 2919,7300219:9261 119480391110,19609 31029 27417919-92119(9,82054 e | 
| | | 3919,7 3022 9,9260219;8041: +0,1958113 30, 74189 9:9211119;82078}10,37922130 
| | 31 097 304119192 59 519000447 10,19553[291 3119, 74208 9,92 1029,82 106 10,17 942% 

(3219,7 306 10, 992587, 8047410, 19520028032, 74227 27085 95821331, 17857 28 


1 


— — 


33½308) 9,925 799,80 50210, 1949827 33,74246 9,920 619,32 r61110,178g9 27 
$3497310119,9257 119,805 30/t0,19476 261 3. 9,92077 9482188/10,17812267 
35 973121 9592563 g 8 | 9.92069 958227 1977785 257 


136 9,7314019,92 555 9,805 | 9,92060 97822430 , 17757440 
3746 9,7 37 0019,92 848 9,806 14}t0, 1948623 3 574322 9592052982270 10, 1773030 


386,73785 9,92 53809, 8064 1913457 | 9,92044|9,82298/10,17702/22 
3919,7320<19,92 53<[9,80662 21039 6019,9203519,82325|10,1767 5/22 


947:321519,92.522 5.8869 5592627 9932362 2j10,37648 
0 


——̃ 2 en" — — — 


8579585 


41,2399, 92 51%, 8072 510, 1927 5fi 475574555 9792018582380, 7620019 
21997 3254 9,92 506 9575 0,1924780 42%, 74417992010 1 7 10,1759 3/18 
#3 7378 9249 8,8 078110, 192190 


439,744 369,9 2002005 12487117705 17 
95 19245019,808081r0,19192/16/4419,74455/919199319,$24 1% 17539 
ks 73389 924 $219,808 110,19164/1 $917 447419291935 9,32489|10z17511j15 
46; 107335709547 dot 70, 191360 257777856 6.82517 101748 
1 9:92464/9,80892110,19108 19147 »74512|9,97968 932544 10,7456 
e 10, 79081 1 135742551977 9825771077429 
” 292 1 7 574 , , | 
29.9.7 33969:92449/9:80947 10:19053/1114919-7454919»91951f9 22599 10,74% 


* $5734 16992441 080974 10,1902 4: 274568 /9,91942 2 157173745 


e lt WS NIE FI 


7 77725 92433, 16610, $1 274557 9,91934ſ9482653110,17347 
2197 34551992425/9,8 1030) rogx897 219374006 9,91925 9,8268110,17319 
£55,99734749,924 16/19,31058 — 539,462 5 9,91917,3470618,17294 
4% 34 $392408/9,8r086| 10,1 oy 5419-74644 19,9199319,827353110,17265| 
$5197 3515 992 87 38 9745629,9 19009, 827210, 7238 
919173533 9:92 39208 114710, 185 59] 456.7468 79,9189 19.827900, 17210 


. N — 7 . —_— 
— 3 dS. ad ow: egos — OE. 


= 
——— 


797551 9,9238498 1169 10518831 315719»74.700 9,918839,82 17110, 7183 3 


. : $519-73572 9:92370/9z81196110, 8884 2589,74719 9,9187 95828449, 715602 1 
* | 9 $7359 9492367/%%81224110, 13776] 43 74737 9.91886 9.82871 10,1729 i 
| yp SEAL P92359 9587252 70, 187480 0 y: 9222 ee 972828991, 7101 
0 Sine IT 


2 Tangent N Tone - Co-tan } Tangent, M ; 


> . — . 


* 


_ L , it; 
- — ” 


TABLE or SINES Ab TANGENTS. 145. 
Pet 


2 *r » * 1 4 — 
P * 


* 
1 wçWPVP ſl.! 7x OB Wwaãu. x ——— —u—6V1 — 4 —-——— . , — 
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© ©» 


341 Degrees. 2 n 35 3 3 
ange {Vl} IT Corine 1 ang; Co-tang, t 


| 
0 5 1277 552599 751717 8 90977 5859 9991330 52 18 147776% 
04 59794 49 9,8292600, 17074 59 1.75877 9,9 132809,845 50/0, 154 50 wh. 
WW 1 72 9585035 3010, 17047 58 2/9,7 589 519:91319 9984570110,15424j5d} - 
: 91832 9582980010, 700 57. 3,917 $913,9991.310 95846030 10, 15397057 
419,748 $31 1874752 1, 19992157) 4 4'9,5-3119-91 30119,946 55 10, 153705 
J* 519,748 $30 019,9181 5/9,8 3035 5.710, 1 999515 5 59975949 9791292 9.84637 0,1534305 5 
{ 6974858, 806,8 306210, 16938054] 69,759679,9 1283, 8468/10, 15310%/54]4 
7.748879, 1798 9.83089 10, 169177 53 29.7598 5,91274%,847 110, 15289531 
Þ; 85.7496 9515870 17, 1688 3/52. erb 912669,84738/10,7526 052 
| 9749241991 78119,83144110,165 56/511 $19,760211949125719,84764/10,15236;51 
$9219-7494 319-91 772/9-$31721110,16329/501109,7003919,91248 9584791010, 1520950 
179,7496 10,9 1763 9,83 198 10, 168024 9.760579,9123909,848 18e, 15182049 
442 27278805,517580•5 28 10,1077 5, 9,8484510, 15189048 
$=319-74999Þ9-91749,9,53252 10,16748 47 9,8487210, 15128047 
| 14 9, 32812 991738 9,8328 0 10, 16720 | 9, 84899 10,1510 46 | 
157 5036, 7299,83 30/10, 16693 9,8492510, 15078045 
5.750549, 91720 9983334 10, 16656 95849 5201, 1508044 
1709, 507 30,9 1712 9,8335110, 16639 5,8497910, 15021043] 
189,509 19,9 1703,83 38810, 16612042 978 5006.10, 14994042 
199285110169 ⸗8341 19716585041 9,$5033119-14967|41|0. 
2019,75128[9,91636 9.83442 10, 165 58040 9,850 50 10,14941 ac 
2109,751479,91677%,8 347010, 16530 9,8 508610, 1491439 
229,75 169,9 16699, 349710, 1650 985113/10, 14887038 
230,75184,9 7660,85 52410, 16476 9585 4010, 14860037 
249,7 52029, 1651 933855 10, 1644936 5 9,8566010, 14834360 
2519»7 5221199 164.3/9,383578/10,16422135125/9,763079,9111419,85203[10,14807|35 
26[9,7523919,91634{9,8360 10,16308 34269,763249,9 11059, 8 52 20/10, 14780 54 
7197 525319,9 1625,58 36 32 10, 16358 330279,6 342,9 10950, 8 5247 10, 147530334 
2809,7 52769, 16 17,836 59 10, 16341032 280,76 360,9 1087,82 310, 147270320 
299,7 52949, 9160809, 8 36860, 16314 [311 2919,7037819-91078 9,8 5 300010, 12 | 


:$30[947531 31949 159919+8371 1051628730 9979395 9-9 106909, 85 327 10, 14673 36 
1,7533109 159 19,8374 fo, 16260 9776413, 1060 5855 30 10, 146469 
9,915829,83768 10, 16232 9276431 9,9105 19,8 5380010, 14620028 
330 95971573 958379 5 151700 9,7448 9,9 1042 9585407 10, 1459227 
34 354 56 50, 8382210, 161 9,76466(9-9103 3,8 5434/10, 4526 
35 915569,83849 10, 16151 9,76484 9,9 102 30, 8 546010, 14540 25 
8019-7 54231991 54719 98387610, 16124 9,7650119:91014 9-8 5487 10,14513124 
_ [157[957 544119491 538!9,83903/10, 16097 9.76519 105 9.8 5514/10, 1448623 
38 975459, 9153009, 83930 10, 16070 5 9765370995 978 5540/10, 144600222 
39 9.75478 22.521 9,839 57/10, 16043 391979554 5419-90987 9.556; 567 10,14433 21 | | 


8 607 

7 e. r6016/2014019.765721:90978/g,85 594/10, 1440520) 

1,5314, 1504,84 1 1110, 15989 1941,76 590 9,9096990 8562010, 14380 19 1 
429,75 5339,9 149 59,8403 10, 159621842 9,7660 9, 90960 9,8 5647/10, 14353018 
319-75557119,91486|9,84065/10,15935|t7 23 997 662519-99951 985574[10,14326|x7} 
419»7550919.9147719-$4092{10,15908|16 4419+76642/9,90942(9,$5700430, 14,300|16/f 
9975597 9,9 14691924119) 1,1588754 59,766609,909339,8 572710, 14273015 
4 0519,91460(9,84146/10,r 5854/14 a 9.766770, 9092409, 8 57 54010, 142404 

7 278621455 9784173, 15827 134 9,76695 9,9091 5,8 5780/10 14220013 
$148 97.50 4219,9 144.219,84200[10, 158001248 91767 12Þ:90905 985307 10,14193|12 
919»75 66019-91433] 9584227110, 15773jE1114919,7673090896(9,85834110,14 166/111 . 
01947 5678 929142: 1425 9,842 <4 55 10,1 5746 10 509,76747 5.90887 9, 8 5860 9,8 5360 10, 4140 Toll”: - 


997 569619,91 4-16 9,$4250{10,15720] gf'51 9,76765 9,56037819,3 5887 IN, 14113 
209,57 14,9140) 9,8430710, 15693 8529, 767829, 908699, 8 59 13 10, 14087 ; 4 
3,5733 1398 9,8433410, 15666 753 9,7680c,9,90B6019,85940|10, 140500 7 
5355 119-91 33919-84.363[10,7 5639] 6115419 ,76817 9,908 51,5596 1, 14033] 6 
59,757 991381,843 88010, 15612 5 5777683573584 8599310, 1400) 5 
36975, 8681887 8441510, 15585 4 5619,7685219,908321g.8 020710,13980| 4 
5 975 959.913 619184442 10,15558| 315719,7087019,9082319,86046 10,13954 3 

9 755 23991354 934452 575531 2580,768 87,908 14,8607 31, 13927, 2 

094758 5 99134598449 10415504 I 599,769048,908051g,86190 10,13900 1 
d 9:7585919913301984.523|10,t5477] 016019,7692219;90790 9,86126[10,13874] © 
}Co-fine| Sine © Co- tan. CE M [Co-bne Sine [Co- tan. Tangent: N 


* þ * 
FER rn "Dez 7 
13 Frees. — Dee nn 
. — 1 — OI Vo — GG — 


Wir TABLE or: SINES AND: \TANGENTS:- Kt 


— Degrees. ies «vt 37 D egrees. | 
* N IOSo- ne.] Tang. Co- tang. | | Sine | Co-fine | Tang Co-tang 
9576922 590790 9788125 10, 1387460 09, 7794609, 90235, 87711010, 1228960 
3 1709 3919+9073719,86153110,13347/59 | 119,7796319490225 935739 10, 1226259 
1769 571949977719 86179 10, 13821058 ][ 29,7980 9,902 16,8774, 12236058 
976974,90768 9.36256 10, 13794157 J 309,77997, 902069, 87790010, 12210057 
97699109907 599,86232 10, 1377 36 | 419,780 139,90197, 8781) 10,2183 56 
977999191997 509,862 89,10,1374055 51947803919,9013719,8784.3110,12157|55| - 1 
9777020 ,9074 1,8848 510, 1371054 69,8047 9,90178,87869 1,1213154 8 
9.7704309,907310%, 8631210, 13688053 79,7803, 901689,8789 10, 2105/53 4 
9+770011949072219,80338|10,1366a|52 9,7808009, 901 5909, 879210, 12078052 
9477978 990713 9,86365 0.13635 St 9.78097, 90149 9.87948 10, 12052611 
| | _ [1519>7709519,90704(9,865392/10,13608|50 [10 95787739 967139087974 879741, 14202650 
| ; | [1319,7711219,90694/3,36418[10,143582149 19, 781309, 90 130, 8800, 2000049 
| g 129.771300959068 59, 86445 0, 1355 548 12 9, 78147, 90 209,8 802210, 1197348 
1 J 3977747990676, 8647 1010, 352947 13 9,781639,90111,8805 3010, 1194747 
| ; 114 9.77164 9590667 9,8649810, 13502046 149,781809, 9590101 958807 10, 11921 46 
59,7718 9,906 57 9.865240, 1347645 ts, '9,7319719.9009119, 83810510, 1189545} 
[16/9-771991990648{9,86551110,13449(44|'©:9,782139,9008219,83 134110, 1186944 
| . = 3 7957721. . a6 9,8657710, 1342343 719» 782 309, 90072 988 58010, 11842 43 
| 189.772 339906300, 86603 10, 1339742 (1 89,7824, 900b 319, 184(10, 11816042 
| 122225 5019,90620\9.386630[it0,143370 41 19 9,792639,9005319-8321c10,11790(41þ 
\Þz 9.77268 9,9006119, 866 50 10, 13344402009, 782 809, 90043 9,882.36 10, 1176440 
2 9.77285 9790602 9586683 10,1331739/1 9,782.96 9590034; 9, $3262 10, 1173839 
229,77 30209, 905929, 857091, 132910382209, 78313 9,90024 9488289]10,1171 1138] 
239773 99.0883 9.86736 10, 1326437 239783299, 900149883110, 11685037 
1 249,773300%9,90574 98676210, 13238 36249,78 34609, 9000 5,88 341010, 1169,36 | 
6575755 990565 867891, 13211035 225758355 29,8999 509-8836710, 1163335 
| 957737009, 9055 9,8681 500, 1318 5034 2609,7837 9,8998 509,88 39310, 11607340 3 
E | 7 9.77587 9.905469, 86842 10,13158[33 271972395 9,89976 Sond 331 3 


— 
- 


— 


. | Lake © G3 4 — 0 
Sean ol = 


—_— — — III en——_ 


2319+7 7495|9-9953719,36368[10,131321321/2 $19,78412/9,8996619,8344. 10, 115 5432 
[2919>7742219.9952719-36394[10,13106(311129;9.7842819,899 5619884721101 1528/33 


Os 97744993. 905289,8692 1, 130793830, 78445, 8994 9,8849800, 150 
3109.774569, 90 5090, 8694710, 13053 2903109, 784619, 89937 9,8852 10, 1147602 1 
1329,7747309.90499 9, 86974010, 1302628329, 784789. 89927, 885 5010, 11450 28 
3397774909 20420 BL 0,13000[271133 9,7 349419,39918 9,88 577 10,1423 27 | 
3419477507 9,9948 019,87027 10,12973|26 34/9-78510 9, 89908 9,8860310, 11397 26 | ' 
35977524 9.90471, 8705 30t0, 12947250 3579.78 527, 898980, 8862 10, 1137125 
3697754790462 9,8707910, 12922[241135;9,73 54 319,39888[9, $865 5110,11345i24 
| FIN 15 3719.5 77558 9.90452 5 10, 1289423 2198850 958987900, 8868 1010, 113192 
* 5 13809, 77575 97904439,87 1320, 12858022 38,9.78576 978986909, 8870710, 11293 22 
| | 2 | 391227.2592 91904 34/19,87158]10,12$42121 32272553 289859 9.88733 10,1267 


400.7 26099, 90424 0 8718510, 12815020 40!9,786og(g. 8984009, 887 59,10, 11241 20 
14749. 77626] 9,9041519,8721 11,2289 19 41,7862 5 595 8984009, 8878610, 11214190 % 
9, 77643%040 5,8723800, 2762018429, 78642 9,898 309,888 120, 11188018000 
977766009, 90390 9.872841, 14236 17 43 9,7865 9.358400,38838 10,1162 
19377977 9901799, $729010,12710 16 24g n862al0 810 9588864] 0,11 1361 bl 
$197 7®9419-9037719,3$7317110,12683]|1 5 45/97869\9:89803 958889010, 11110015 
9777109,90308,873 370, 12657446 9,7870 9213-39791 9:38916110,11084(1 #| 
927772719+9935319,37 369110, 12631013047 9,478723!19;397$1194$88942{tg,1 1058/13 
97774414+99 34919, $7 390/fo,1: 604/12 {48 37732239 3 8896870, 1103212 
4019.7770119:99339/9,$7422[10,12578\1.: 49,9477 56 958976109. 8899410. 110061 


— | 


91777 89,903 30, 87448 10,1252 210060 97787729,89752 98905 10, 1098010 


9777795 . 10, 12525 3057 97878 89,89742 9,8904600, 109 54. 9 
9+7791219+9031119,$7 $01110,12499] 52.9,78805/9,89732/9,8907 10910927, 8 
19+7782919-9930119-87527110,12473] 71153 9,78821/9,89723/9,89099/10,10901| 7 
9. 7784019,9029219-87554/10,12446 61154 97788379,.89712,89 1250, 10875 6 
9. 77862½% 902828758010, 124200 5 53 9; 71 9,8970209, 8915 0, 10849 
619:7787919-90273/9-87666/10, 12394] 458 9,788 919-9098 9439177110, 10323} 4 
N . 9 7789 2 282639.87633 31? ©,12367 357 9,7888009, 8968 3,8920310, 10797 3 
F „902 5419, 375635 10, 123410 258 9,7890 3336 73,8922 970, 107710 2 
Hege 9e244,8768 510, 12315 159 9,789 18,8966 39,892 5 19440745 14 
6.77945 2290235 9.87711 10. 12289 © 60 947893 9,89053 9,89281110,10919: 0 
4 '*i — Hi Sine Co- tan Tangent. 
| os 


. Co-fine} Sine Co- tan. Tangent. I 
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53 Degrees. 
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TABLE or SINES anD/TANGENTS. 146. 389 
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RY Fo 38 3e rees. | 10 3 30 30 Degrees. 8 cpu \ 
N Ine Co- fine Tang. [Co-tang. | M Sine Co- fine] Tang. Co- tagg. | — 
| 11 — 


9 578575 9,795539,89281½, 10) 19,0 
1.78950 7 9 10, 10693059 
2978967 9589633 9,89 333/10, 1006755 
| 319,78983 9-89624/9,89359|10, 1064 5) 
: j 4978999 9.595149,89385 10, 1061505 
59.7991 59,89649,894 710, 1053955 
5 9.79031 $:395:49,39437 10, 10563654 
29.7907 9.895849,8946 30, 0537553 
89,7903 9,895749,8 948910, 10511082 
'9 eee eee $1]_919,8002719,8395819,91069/10,08931 53 F 
09.799 59,89 5 5449:89 541110, 1045950 09,8084 889489, 095,890 50 | | 
219,79 111,89 54419489 567110,104433[49] * 119,80058{9,5893719,91121110,08879{4g)f. 
22,79 128,895 3419489 5924104104071435} 129, 8007 291147]10,088 53 b 
$1:3/9+79 449,89 52419:89 019110, 1038 4/130, 800899, 88 1719,91172|10,08823j47] 
4,7 10,80 5 14,8904 510, 103 5960 191 19810,08302{46 
| 56,79 7619,3950419,8967 1Þ10,10329]451[1 59, 80120/9,38396\9,91224110,03776]45 
16, 79192 912949519» ,$9697[10, 103034416, 801369, 888869, 912 5o[t0,087 50144) 
7,7920809, 8948 0,8972 3to, 102 74317, 8015 19,8887 59,9 127610, 872443 
1289 .79224 $64 6: af Hts to, 102 5142018, $01 6619,88365[9,91 301[10,08699 42] 
11909, 7924009, 89455 289725 10,1022 541019 9, 8885 519491327 10,08673141 
| Yo 9,792 56 9.89455 9.89801 10, 10199440 20,8019, 88844 591373 10, 0864740 
| | 2119,79272/9, 8944 5,8982710, 1017339 1, 8021 157388277537 10, 862103 
122,79 2889, 894359. 2785555 3110, 1014738 22 9,3882419,91404 10,08 696 3 
123957930400, 8942 5% 79010, 101210372309, 80244, 888 139,9 1430010, 08 570037 
12419-79319 0 8941598 3903 10, 1009 536249, 802 5909.88 803 9.97435 10, 854436 
IJ, 79335, 8940 9,899 3 ifo, 10069352 59, 80274, 887939, 4820, 8518035 
1 269,79351 288.8228 10, 1004334209, S290, 88782, 9 1507/10, 8493034 
42799367, 89 38 9,899 10% 153 27%, 80 30 59, 88772, 91533½0. 0846733 
14 289,79383 9.893750, 5550 10.0999 1032289, 803 209.8876 2 10,0844 1132 
1291927929919»59 36419-9093 5 10,0996513+[2919, 80433 619:3875119,91595110,08415[31 
5 | be 9,7 944 519,89 35419-90061 90061110,099 39/30 3019,38035119,8374119,916r0[10,0839c|30 
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; 145 9,7958909, 892449, 9034610. 095 5494 109, 805 1919, 886269, 9 189310, o8 10) 
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29,799 369,900, 99 140,9 8657 
97799 509, 8900919,90940/10,09060|56; 
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019, 80807 988425 9492381 10,07619/ | 10,06084 bolt 
19, 808229, 8841 3}9;92407)10507 59350 1,8179 9,87767 r0,06053]59!t 
29,808 39,8840 4,9543310, 0756758 2[9,819239,87756 50,0603 215507 
- 319,$0352[9,88 39419592453[10,97 542/57 9399320, 
4 9,8086788 3839.924840, 07516 94018 10, o 598256 
59, 808823788 3729,92 5100, 5490 9,9404410, 59 6055 
69,8089 9,8836299 53 5j10,9749 5} 54 9,9400y'10,05931 
+ 719-309 12(958835 119,92 551110,07439|53' 979409 5 10, 590503 
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70 95811069, 882129, 92894 10,07106| 10,05 574140 
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59,81 1809,88 184 979 30a t0, 6978 10, 544635 
9,81195½9,88 489,9 3048 10,069 52 10, 544 134 
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9.83661 


9,83688 
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9483741 
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97583821 
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9, $3229]19,36 542 
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I9,03541 
10,03516 


10,03465 
10,03440 
19,03414 
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10, 3364 
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10,93373 
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19,0349 


16 
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by ons 9783940 
9783954 
97583967 
9783980 
9783993 
97584006 
958402 


984033 
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13 
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9,3 3242 
9,832.50 
9,83270 
9583283 
9583297 
551948 3319 
$619,83324 
5719-83333 
5819483351 


$5919-$336 5]: 
$50 9.83378 9,864.13 
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50 
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978649 519,90788 
9,3648 319,99314 


91929 940 
9,96906 


Sine 


1003288 


810, 93262 


10,3237 


10,3186 
10,0316 
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10,031 10 
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9586413 
986401 
9.86389 
9586377 
9586354 
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9, 86330 


9, 86306 
936295 
9786283 
9586271 
95862 59 
986247 
9586235 
9,86223 
9586211 
9,86200 
9,86188 
9586176 
9586164 
9586152 
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9.86128 
9,864 16 
9,86 104 
9586092 
9, 86080 
9,86068 
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9586044 
9.86032 
9, 86020 
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9,8598 
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9585766 
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9585742 
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9.96991 
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9997725 
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10,03034 
10,03009 
10,2984 
10, 02958 
10,02933 
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10,2882 
10, 28 57 
10,028 32 
10,2807 


10, 02781 
10, 02756 
10,0273 11 
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10, 0265 
10,02629 
[10,02604 
10,02579 
10,02553 
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10, 02477 
[0,024.52 
10,02427 
10,02402 
10,0237C 
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9797092 


9597 185 
9997 16 

9497193 
9597219 
979724 
9597269 
9797295 
9797320 
9797345 
9797371 
9,97 396 
9997421 
9127447 
9797472 
997497 
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9797 548 
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9,97624 
9,97049 
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105,022 50 
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10,02073 
10, 2047 
10, 02022 
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10, 019711 
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99807910, 01921 
9798104010, 01896 
9,9813010, 01870 
9,981 55110,0184 5}: 
9,98180{10,01820 
9,98206[10,01794 
9,98231110,01769 
10,01744 
10,01719 
10, 0169 
1081888 
10,1643 
10,01617 
10, 01592 
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95977 50 
997776 
9597801 
9597826 
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9,842 16 
9784229 
9.2 4242 
9,8425 5 
984269 
9,4282 
242299 
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984321 
9˙84334 
9.84347 
9,34360 
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9.84398 
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984437 
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9,8450 
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984566 
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9,8459 2 
978460 5 
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95847 
984720 
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9.84745 
9.84758 
984771 
9.34783 


8 934796 
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9,348 22 
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9.84847 
9,84860 
984875 


9.84898 
9-549 11 
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9.85545 
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9585411 
9.85222 
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9585262 9,99368 
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9798585 
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9.9808 
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9.98737 
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9.98787 
9.98812 
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9,98863 
9,98888 
998913 
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9,9899 
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9,99242 
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MARINE FORTIFICATION. 


1. Y MARINE FoRTIfICATTON is meant the art of raiſing works 
D for the defence of a harbour againſt the attacks of any kind 
ſhipping. 1 JV 
As the works proper for this purpoſe depend in a gteat meaſure on the 
principles employed in the fortification of towns, it will be neceſſary to : 
give ſome genera] notions of the uſual methods of fortifying, previous to DS 
the meaſures that ſeem moſt effectual to the ſecuring of harbours: TIC | 


It is not intended in this tract to give a complete ſyſtem of fortifica- 
tion; and conſequently the reader will not be perplexed with the diffe- 
rent ſyſtems, as they are called, of this and that Engineer; many of 
them being the productions of dabblers in the art, who, having di- 
verted themſeſves with whimſical ſeratchings on paper, publithed: their 
| Conceits for a like amuſement to others; and gravely compared their 3 
pretty drawings with the approved works of experienced Engineers. It | 
is high time that moſt of their names and notions were forgot, and that 
thoſe who hereafter may write on this ſubject; ſhould confine themſelves 
ta the deſcription of ſuch works only as are moſt in uſe, and which by 
experience have been found to be moſt conducive to the defence of the 
place, and the retardation of the approaches of the enemy. And this is 


Pl 


what is briefly attempted in the following pages | 
an. r PART 
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MARINE, tenzirise rien, 


1 . ne in the art of 9 nid 9 het 

by which the perſons within may be able to defend themſelves the 
attacks of a much greater number from without, more ede 250 
1 than if the place were not furniſnoq with ſuch works. - 


3: Defenſive works Es any, of, ae an W covering the 
. which. they defend. 


4. A place i is ſaid to be Peer Uther I ths” enemy 515 ited 
from coming to that place by a body of troops or other hindrance; or, 


when a ſufſiciently ſtrong bank, ratled before that place, Afr; thoſe 
without from ſecing them within. 


5 Defenſive works are of Various Lind z the moſt beute are aſl 


calked lines, 
pe] dps $ECTION 1 


/ Lines or 1 ntrenchments: 


6. A Lans, or an INTABNCHMENT, confiſte of a bank of earth, and a 
"a and it is of two forts. 
©  Firft, Such as the trenches carried on in a Gone, where the bank is 
between the ditch and the enemy or town; and here the earth is thrown 
up againſt the town, becauſe the workmen are. thereby better —_ in 
| carrying on the works. 
. . Such as ſerve to incloſe a town or camp, ſecure a paſs, cover 


che entrance into a country, or other place, Sc. ; in theſe the ditch 
is between the bank and the enemy. | 


The 2 fort is uſually called trenches or a pproaches : ch the. ſecond 


"a y called lines; "which a are ts ſort * nay be here o more + noon 
ly Genes: R | | 


- 


RY 


7. Lines are generally made to ſhut up an avenue or entrance to * 
| places the ſides of that entrance being. covered by rivers, woods, moun- 
tains, moraſſes, or other obſtructions not eaſy to be paſſed by an army; 
though there have been caſes where lines were conſtructed in plain 
countries; but then they were carried quite round the place they were to 
defend, as the lines ſurrounding a camp, called lines of circumvallation. 


Lines: are likewiſe Pampa up to ſtop the progreſs of an army, as thoſe 
made by Marſhal Villars and others. However, in what follows it will be 


ot 0 AADR a paſs that can be eee in front. 


8. Phe making 6f lines greatly depends on the nature of the place; and. 


* time that can 3 taken to conſtruct 1% 5g? ſe —_ oy yes being 
very e rom Pay 8 8 * 


; 120 24 | | 75 2 | 1 | Tue 
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The works uſually thrown up in haſte are called temporary, ſerving 
chiefly on a preſent emergency: thoſe made at leiſure. are generally in- 
tended to laſt many years, and are kept in repair, under a probability of 
their being frequently attacked. But whether the work be temporary or 

laſting, it is neceſſary that it be adapted to the materials at hand, or that 
dan be procured with the leaſt expence and trouble, © 


” = 


A road or paſs may be advantageouſly held by few men againſt a much 
greater number; many ways; as by turning a water-courſe, planting 
kes, felling trees, digging ditches, making a fence of ſtones, c. But 
me way now moſt uſually practiſed is to make a line after the method 
_ Contained in the following precepts, e So MK Of 
If t. Having choſen the place moſt convenient for the line, let a ropes 
vr haybands, or twiſted ſtraw or graſs, be run quite acroſs the way along 
_ © the intended place of the line, pegged to the ground at every 4 or 5 yards's 
and at the diſtance of about 10 or 12 feet before the line, toward the 
enemy, let ſuch another line, or a row of ſtakes, be carried in a poſition 
parallel to the firſt rope. EO TINT, 


0 = 
2 


L throw up a line acroſs a pH. 


Ad. Range the labourers or troops within thoſe limits, either ſingle, in 
pairs, or treble, r. according to their number, or the time in which the 
work is to be done, each being furniſhed with proper digging tools. 
34d. Let the earth, as they dig it up in this breadth, be thrown on 
the other ſide of the firſt rope, until a bank of about 5 or 6 feet thick 
and 6 or 7 feet high be raiſed; obſerving that the ſides of the ditch be 
 _ Noped' in the ſame manner that the earth naturally rolls down the bank; 
and continue the digging till the ditch is about 5 or 6 feet deep, the 
breadth of the bottom being about x of the breadth ſtaked out at top. 
And while the ditch is digging, if the earth as it is thrown up be trodden 
_ » Gown, the bank will be more compact; or a few hand-rammers (ach | 
_ as the paviours uſe) kept conſtantly going, will render the work more 
Arm aud. durable. RS © Rb „ AL 


Ach. Let the inner ſide of the bank be pared with the ſpade into ſuch a 
: Nope, as a man ſtanding upright may eaſily touch, with his arm extended 
ſtraight before him; and at the foot of this bank, let a fort-bank or. ſtep 
de raiſed, of ſuch a height, that a man ftanding on it may eaſily fire his 
muſket over the bank; that is, let the top of de ok be about four 
feet and halt lower than the top of the bank or bregt- w t. 


Sch. I there ix time and opportunity, let the workmen throw up the 
Poole end ſcattered earth upon the bank, on both ſides, and ſlap or beat 
it with the flats of their ſhovels to make it the more neat and compact. 

Alſo make a gentle lope to the top of the foot-dant, that the troops may 
| aſcend it mare easy; and let the crown or tip of the briaf-work be 
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, ** fo that a muſket laid flat on it Wa ſtrike the e with its ſhot 
OE — 5 or 6 feet beyond the ditch. 4155 


When the ſoil is clay, fand, turf, or mh; the Piehegen will ed 

Fe 225 ſpades and ſhovels; when gravelly « or ſony; one man ſhould break 

I the ground with a pick- axe or mattock, white another throws it upon the 
hes where a third ſhould ſpread it level and tread it down. N 


10. A weoth of this kind being Cas the pe behind as Bye 
may wait thg coming of an enemy with lefs concern: For 2tt, the bank 
or breaſt-work ſecures them from the enemy's fire. 2d. And when. they 
ſtand on the foot-bank, they are mare than 4 covered, while the enemy 
are wholly. expoſed; and conſequently the troops within may make three 
of their ſhots tell for one of the enemy's. 3d. They can, by going off 
. the foot-bank, be quite covered while they load again. And on the whole, 
they are in no great danger of being forced from the lines while they 
have courage enough to keep poſſeſſion of them, pred the oy are 

| greatly ſuperior i in numbers and cannon. _- 


| The magnitude of 1 80 are generally ee to 2s little ume 
| that can be ſpared to throw them up, and to the ſtrength of the enemy 
© who are to attack them. The following forts are what have been prac- 
tiſed on ſeveral emergencies, and the rate at which men ordinarily work 
on ſuch oecaſions. | 


FREE | 


. 11. 5 4 Tart if the dimenfuns of Line. "HR 


8 2 — a 2 


. . 9 5 n 2 Ms 
| Breu werb a Ms 2 Dich 3 | Expence. 8 
A — — a | ” | — — — 1 


| 
1 | 1 
I Thickneſs | Height [Height || Upper {owner ry Sohd Days . 
b at top within withoutfbreadthſbreadth Dep 8 conteniſ works . 
F I feet 71 feet 6 feet || 8feer} 23feer 5 feet 43ſt. 3, * 
3% he Fer 4x31 6&1 . 
- jr 1 1.98 © i 14 45 62 10 e 
8. - 6271 ©L& 30 . „ 
50 5 . 5 > E s |6 © | 2 . 


The Aa work MAR is one 3 in 1 
In the firſt, 100 men will complete 100 N in 08 of this kind of 


lines in one day; 200 men in e a day ; ; NY men in a quarter of Sax. 
and lo „ FEE. 


12. When lines are dies up at i leitete tuen the ditch i is 8 18 

feet broad at top, 7 or 8 feet deep, and the ſides of the ditch are fo ſloped, 

N «As to leave only 6 feet breadth at bottom ; the breaſt-work, or get, 
is about 7 feet thick on the top or crown, and 7 or 8 feet high.. 

In Plate XV. fig. 1. ſhews the heights, depths, 808 ehe of the 

ſeveral ps of aline, well mn and finiſhed, N . 

* | ; ere 
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Where 11 repreſents the ground line, or ſurface of the place. 6 
Az, the breadth of the ditch at the top. 
0 ed, the breadth of the ditch at bottom. | 
Fc, is the ſlope or ſcarp of the barapet and ditch. 
"© DBK, is the counterſcarp. 
xx, the top or crown of the parapet or breaſt· work. 
EG, the inner flope of the parapet, * 
|, HG, the top of the foot- bank. | 
Hl, the ſlope of the foot-bank, _ | 
5 . BET, a ſmall floping bank Mes the glacis, 


13. "This figure is called a ſeftion or profile, and may be thus Py 


ft. In the ground- line, lay off, from any ſcale of equal parts, the diſ- 
tandes 1 a=6 feet, ab= ft. Fir nee 
s feet, Fr ſt. gu ft. BL=$S Ht. - 
20. Through a, b, c, d, e, f, g, B, draw lines perpendicular to IL. 
3d. Make 2 H= 25 ft. e, / ft, 4r=6 ft; FOS8 ft. s. 
r Draw 1A, HG, GE, Er, FAC, CD, DB, which continue till cl 
meets the line * and the profile is conſtructed. 


i 14. When lines are made to cover a camp, or a large tract of land 
where a conſiderable body of troops are poſted, the work is not made in 
one ſtraight, or uniformly bending line; but at certain diſtances, the 
lines projecting in ſaliant angles toward the enemy. Theſe projections, 
ſaliant angles, are called RæpRNTSs, or FLANKERs; becauſe the fire 
from them takes the enemy in flank or ſideways as they. march to attack 
8 the lines. . 

The diſtance between the ſaliant angles of the flanters is uſually be- 
tween the limits of 200 and 260 yards; the ordinary flight of a eBay 
ball, point blank, being generally within thoſe limits; although muſkets 
1 little elevated, will do effectual ſervice at the diſtance of 350 yards, 


1 5+ 5 flanker conſiſts of two lines, called faces, meeting ina point, 2 


ard forming an angle called the ſaliant ang e, or flanked angle. 
The Part of the line- berween two adjacent fla ankers is called the cur» 
tin. Ko 


The gorge of a Ae is the Anne begween i its faces taken at their 8 
interſection with the curtins. A 


156. In Plate XV. fig. 2 dees hs Wits of the uſual hes oy where 


=. * "the ene c A By Oat, are redents or flankers. : : 
; * Ac, AB, ac, ab, the faces. 5 
8 8 cz, cb, the gorges. 
F . r - "AD, 4 da, the el | | Gs 
þ 6 8 8 1 115 > | , Bb, | K the curtin. | 3 = 


Tbe angle can, cab, the ſaliant, or Aanked, angle 
Tpe diltance of the ſaliant —.— is about 240 yards on'a mean. 
The length of the capital is uſually between 40 and 50 yards. Band 
be length of the gorges is alſo about 60 or . 


f 42 5 2 9 * , \ 
16 N , — 
W 43 „ 
: x 
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To make a Plan of lines with, redents. Plate XV. Fig. 3. 


17. 


1ſt. Let the line FEEE, Oc. be ſo drawn, if poflible, that er 

there is a bend or angle, it may either be at once, or twice, or thrice, 

Lc, the length of about 240 yards from one W Sth. a redent 
: will- ways de where there is.an angle, 


24d. In this line gay off diftarices of 240 e as . x to r, 
20 8, &e, reckoning from the bends toward each end, whether it hap- 
pens that the line ww or will a be You” n by: a Tn of 

8 1240 yurehs 


F - 3d. At each point. E * the . EF in 3 00 to 
. tho e of the . in * r, and e be NL Gt —_ »h 


8 hole On each Ge of x "hs the FE Cn ka o, each of about 30 
er 35 yards, and draw the faces FG, FG; Rt * "I or TN es 
ak the curtins and redents are formed. | 5 


th. Parallel to each cxrtin and face "Ys Tad within, at ws ae 
1 om the maſter-line, of 7 feet, 8 feet, 12 feet, and 18 feet. 
Fs N the breadth of 7 feet repreſents the plan of the paraper. 


50 Fs = i foot its inner lope. 
| 22 /. OE: he top of the foat-bank. 
= #D ol b leert. , the foot-bank lope. | 


159 YE 06's the outſide of the water B draw lines at the 8 of 
30 . 164, and. ARK feet, paralle] to each curtin and face; and theſe will 
-  Tepreſent the plans of the ſcarp, ditch, and cpunterſcarp; obſerving that 
_ the laliant angles of the counterſcarp are rounded before the angles of the 
_. 
32 hen. the plans are drawn from 2 large ſcale, all the lines before men- 
tioned are drawn; but when the plan is drawn from a ſmall ſcale, as of 
40 yards or more to an inch, then the plan is uſually repreſented by four 
Pralle lines; one without the maſter-line, repreſenting the counter- 
2 or out- line of the ditch ; and two within, repreſenting. the : breadths 
of the parapet and footubank. = 
Sometimes a ſhort line is haſtily formed by a Carravx DE FRISE 3 
which is a beam of 6 or 8 inches ſquare, and 10 or 12 feet long; the 
_ a6des being bored through with holes about an inch and half diameter, 
and 6 inches diſtant from one another : through each hole goes a ſtaff of 
about g or 6 ſeet long, armed at both ends with an iron ſpike, ſo that 
hich way ſoever it is laid . one row of pikes is preſented againſt 
he enemy. A line is formed thele Peres by chaining together a (uf, 


*Acient: number of them end to end. 
| | 5, Am ceüntties where there is plenty of vod. TY Eno be ſores by 
. e 2 poſition pointing to er. enemy, the ſtems of trees and their 


Ager brauches, piled. one on another to à ſufficient height, and the in- 
-briti « Hye wich Kurth,, r Fes an ABBATIS, affords m 
excellent deſence; as was mere at iconderoga. - 
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When lines are to be vigorouſly defended againſt a potent enemy, it is 


proper to raiſe batteries; that is, works from whieh cannon may play on 


the troops as they advance to the attack: theſe batteries are either open 
or covered. . : 8; d n 15 0 . 8 21 321% on 
19. An OPEN BATTERY is only a number of cannon, generally. fiela- 
pieces (that is, ſuch as carry a ball not exceeding g pounds weight) ranged 


in a line or row abreaſt of one another, on ſome natural ſmall elevation 


of the ground; or an artificial bank of about a yard or two high. Theſe 


cannon are ranged at about 15 or 16 feet diſtant from one another, hav- 
ing their ſhot and loading utenſils lying by their fide; and the powder 
lodged in a hole at ſome diſtance behind the battery. A leſs diſtance 


| than about 15 feet from gun to gun might occaſion danger, conſidering 


the hot ſervice for which ſuch batteries are erecte. | 8 
20. A CovERED BATTERY is when the cannon and gunners are co- 
vered by a bank made of bruſhwood, faggots, and earth; of about 18 or 
20 feet thick, and 7 or 8 feet high, The cannon uſed in ſuch batteries 
ate generally from q to 18 pounders; and ſometimes 24 pounders are 
uſed in them. T4 TOE Ss, fin ; 7 | 


21. The faggots, or, as they are moſt uſually called, the Fascimes, 


are made of the middling-fized loppings of trees, under an inch diame- 
ter, and are of three different lengths, 6, o, and 12 feet, according to the 
Work they are intended for: they are uſually bound or tied round with 
wyths; the ſhorteſt in two places, the next in three, and the longeſt have 
four bands. Theſe faſcines are commonly 8 or'g inches thick throùgh- 
Hut, the ends being cut fo as not to be tapering. 
The faſcines are fixed to the ground, and to one another, by ſtakes_ 


Called Pick rs, like birch broom-ſticks, but ſtronger ; they ate Bout an 


inch, or inch and half thick, and from 3 to 6 feet long; the 6 feet ones 
are in number about ; of the 3 feet r Maio e SW 
All Feld Batteries conſiſt of four chief parts, namely, the dirch, the pa- 
rupet, the platform, and the magazin. EO 


A 2 


r bus „F f 4 | 
be ditch is uſually dug in the front and fides, 


, * 
* 
* * A i 
W” ho. as 


c d ſometimes quite 
-  rolind} and ſerves not only to furniſh the earth neceſſary for the parapet, 
but it alſo prevents the enemy from entering the battery ſo readily as he 
might otherwiſe. do. The ditch in front is commonly 18 or 20 feet 
broad, and the depth about 7 or 8 feet; the ſides ſloping toward the 

bottom, which is about 6 feet wide; but the ditches on the ſides are about 
20 feet wide, and 6 feet deep. Theſe are the dimenſions uſually given; 
but the general practice ſeems to be; only to get earth ſuſſicient for the 
_ and 28 _ 2 the diteb: ſor as theſe i 
Attacks are uſually done by night, the keeping ſtrictly to the d di 
Ty menſions is hardly 3 N 575 1 1 26K 26 . I _ K 
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Soles vt - Of the Pariget. d eee 


| 5 be e is e raiſed. about 3 or 4 feet diſtant 3 PR brink 
of the ditch, the ſpace left between, ca led the BERM or FORELAND, 
ſerving to lodge the. rubbiſh beat down by: the enemy's ſhot, that it may 
not fall into the ditch. 

Phe thickneſs of the paraget ſhould be . 18 or 20 feet, i in "order to 
be cannon proof, and about 7 or 8 feet high, when the enemy has no 
command above the. Lene uk if they have a command oyer this 
beight, the parapet ſhould be raiſed high enough to cover the men while 

Sag. load the guns. — 
he length 96 the parapet depends on the number of guns to > be em- 
ployed in the battery. EG | 
24. Thus for one gun, allow. 8 yards i in length. 
And 6 yards more for every other gun. | kate | 
So 2 guns has 14 yards; 3 guns 20 yards; 4 guns 26 * Gr. bY. 
25. There ſhould be great care taken that the battery be not enfiladed 
or raked by the enemy's cannon: neglects of this kind are often fatal to 
the officers and gunners, as was well known at the ſiege of Carthagena, 
anno 1741. But this is eaſily prevented by raiſing at one, or both ends 
of the parapet, a bank acroſs the battery called an epaulement, of the 
fame Hhiekneſs and height with the parapet, and about 1 5 or 18 feet 


IT 


* 
% » 
\ A 
Z , 
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long g. + ed EY Wo A „ 
| ME: 4 The patapet. conſiſts of two parts, namely, the wall and the mer- 
5. 12 75 


The Wart is that part of FR Pertpet which is contained in one piece 
from end to end, and is about 22 cr three feet high. 

The Mekrbs are detached pieces of the parapet, Navink openings a 

called 'EMBRASUREs, through which the cannon deliver their hot. 
The embraſures ſhould be cut as much as is poſſible perpendicular to 
the parapetz "therefore the battery ſhould be parallel, or nearly ſo, to the 
_ object to be battered? for the direct ſhots have moſt force; and oblique h 
embraſures weaken the runs; or parts! 5 he APE fanding e 
the embraſures. A 9 
27. Tbe embraſures are nun about 2 or 21 feet wide on the inſide, 
and about'g of 10 feet on the outſide; ſo that the cannon may be traverſed 
from the right to the left, and dommand a pretty large extent in front. 
The diſtancè from the middle of one embraſure to the middle of the next 
ſhould be about 18 leet, in order to leave ſufficient room for the worki ng 
of the guns, and the e of the Ong and other necelſac: ies. 5 
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The PLATFORM is a br made to faciliate the rolling of the aged 
eck, and to prevent them from ſinking into the f by” the — 458 
of the cannon, eſpecially in wer weather. n 
Platſorms Ae g tierally laid floping toward the parapet 9 or 10 bes 5 
this carries off the rain, — the gun from recothmng ſo much when 
fired as it Wald" dp if laid Wer and u W it is more eafily 
ught to the embraſure. 
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hide In nenn batteries the platforms are made of alinks laid 


15 Pons ſome ground timbers or ſleepers; there is uſually a platform made 


to each gun; it is about 18 feet long, 8 feet broad next the parapet, 
and about 14 feet broad at the tail, the intermediate Haves between the 
ene ſerving for the ſhot and other neceſſaries. 
30. When a platform is to be laid on marſhy ground; firſt lay a floor 
or two of faſcines ; cover theſe with hurdles. of 12 or 15 feet long, and 
6 or 7 broad; on theſe lay a floor of 3 or 4 inches of earth, i in which By 
fleepers are to be laid, and over them the planks. 
31. When a battery is buiit of ſtone or brick, the pletform is gene- 
% rall a flat-ſtone pavement ranging the whole length of the battery. This, 
on account of its reſiſting the | injuries of the weather for a long time, is 
to be preferred to planks; but in caſe of a bombardment ſuch a plat- 
form is to be avoided, becauſe the ſhells will not only break the pavement, 
| but an ” ape about the braten Wen do 125 ns much ee. 
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The magazine to a field battery i is uſually made about 50 or 60 yards 
behind the platform. It is a cavity dug i in the ground about 4 feet deep, 
and the earth thrown between the pit and the platform; the ſides of the 
pit are ſometimes planked round to keep it dry, and prevent the earth 


WR crumbling in; and the powder barrels placed: there, are covered 


pv ae and earth, or tanned hides, to e the powder from wet 
al E. X 
The communication to the magazine is by a floping trench 1 5 
en about 5 or 6 yards behind the platform; and the earth thrown 
on that fide, where it will moſt conveniently cover the perſons, who re- 
move the barrels of Faint from the en magazine to the Batten. or 
ſmall magazine. 
+* 33. When there are many cannon in battery, and the ſervice is quick, 
it is cuſtomary to have to every two pieces a ſmall magazine to hold 20 
or 30 nde of ee fes 5 Tui is 2 about 15 or. 20 15 behind the 
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To confiru a Faſtine 3 


1 For one gun provide 600 faſcines of 9 fe. 100 of 6 ft. 120 of 3 fe. And, 
for every. other piece 400 100 1003 
each faſcine being about 9 inches thick; and let 9 be three or four 
pickets* for every faſcine, for many will break in driving. 

Traces the hey mits of the parapet in. two parallel lines about 18 feet diſ- 
tant, A llowing Yards in length for one gun, and 6 yards for every other 

| ganz and * _ lines cut a trench th half e War. ot Is ; 
A, L : | 2 TROY Lay 
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ay n rote of 9 3 trench, wh g that their ends 
be well — oxryonn the other, and let each —.— down with two | 
pickers; driven itico-theigfount till the head is: ſunk into the faſcine. 

loſe to this ro. another, the two end ones deing of 6 feet, and 
the reſt g feet, which will prevent the joinings in this row from falling 

againſt the joinings in the firſt row: let theſe alſo be ſtaked down as be- 
| fore, Cloſe tothe ſecond row lay à third, all of 9 feet. Cloſe to the 
titd-lay*s fourth; the! to endl ones being 6 feet, and the reſt q "feet. 
In this manner lay the rows f Fafcines within © the limits biker war, 
whith will be 'eovered with 24 row; then over this floor of faſcines | 
aha eee to Al: en e und ker the whole be tod or oro aged 


EEE down. $1455 


5 On ehe hel door lee Seon. wforvinns cht urin the fr Sour: y 
ſscond row ended with 6 feet ſuſcines; ſo in 'the ſecond floor every odd 
row*Thould end wich & feet ones, and en {gs of no two faſcines in 
this floor will fall over the joining of che faſeines below them. Let the 

outſide rows in the ſecond or be * placed over thoſe in the lower, that 
there be a little floping pre ſerved, the work narrowing upward. The 
ickets which ſtake down this floor are to be driven up to the head, and 

505 due channels or hollows in the flosr are to be filled up with earth. In this 


manner lay four floors, which will raiſe the work to about 24 or 3 feet, 
and that Wl of the ict Bott called the wall will be SOOT 


3000S © $oflote ot te Merlo. 


Weires $vih each end of the wal 22 feet, there place A flake ; ; 2 
| plant other ſtakes at every intermediate 18 feet; this being done on 
the infide of the wall, let other ſakes be- planted on the outſide, either 
directly oppolite the former, or in the line toward the place where the 
gun is more particularly intended to deliver its ſhot. Plant other ſtakes 
on the inſide, one a foot diſtant on each ſide the former, and this will 


leave ſpaces of two feet each for the inner opening af the embraſures: 


then on the outſide, plant other ſtakes at 5̃ or 6 feet diſtance from the 
former ones, one on each ſide, and ſpaces.of 10 or a feet: will be marked 
| out. for the outfide openings of ths embraſu s. | 


In the direction of the pickets, which limit the inner 4-0 outer open = 


ings of the embraſuręs, let ſingle rows of faſcines be ſtaked down acroſs 

the * walk and/theſe will be che ſides. of the embraſures. Fill the interme- 

diate ſpaces: or merlons with rows of faſcines laid lengthwiſe to the wall, 

and this will be the firſt floor of the merlon, which is to be picketted 

dowr, and the hollows filled with earth as before directed. Let other 5 
floor sbe raiſed i in like men until the merlons are carried up about 5 or 

6 feet, or möre if neteſſary; and one he top of each let a bed ot oor ol 


KLarth be laid about 8 or 13 1 * thick. - r 10 


Across the top bf the inger opening of the Scree a bus of 
or 12 faſeines bound w or as many ſtuft into a 5 lay of balket n 
at both ends, and the bundle well ſtaked to the merlons. 

Provide a Mind made of planks 3 or nches thick to Af the inner 
epening of the embraſute, Which is to de While the gynners ae 


D loading © ty piece, W N the bis 1 the ny 8 
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| 3 Gilea of .the :embraſures. ave. $9. Lage, ſo as to have the | 
te wider than the bottom; which not only leaves a greater opening for 
- the blaſt of che gun, but theſe flapes, in works of this kind, give a greater 
| agp of ſtrengih 0 Rees Wu e tha; ee 8 e gs 
KR Ports. Fes oh 42 2 0 0 
8 $. R 1 deen the Platforms. 


fe e 3 embraſure lay on the ground five pieces of timber, called 
. ut 18 feet long, and 6 or 8 inches ſquare; let the ently next 

- thee * be placed at ſuch a diſtance from one another, that the diſ- 

tance ſrom out to out be about 6 feet, the other ends ſpreading about 12 
or 14 feet from out to out; drive two ſtakes about 3 inches ſquare inta 
the ground on both ſides of each end of every ſleeper, by which they will 
; be kept ſteady in their places, and let the earth be well rammed and beat 
up cloſe to them : but obſerve to let the tails of the ſſeepers be raiſed about 
5 7 S inches higher than the ends next the wall, to prevent the cannon 


| gy from recoiling too much when fired. 


Cover the 8 with planks about two inches thick laid eroſs- wiſe; 
that next the embraſures being about 8 feet long, the reſt gradually in- 


 oreaing, ſo-that the plauk at the tail be about 14 feet long ; and let te 


planks be nailed to the lleepers. 
On this floor fix a piece of timber about 6 or 8 inches ſquare next 
the embraſure, to ſerve as a ſpur for the carriage wheels to knock againſt 
_ (which is therefore uſually called the knocter). when the gun is run up to 
m_ wall; 5 gering that the ſpur be laid parallel to the object to be bat 


"The whale platform ſhould be of oak, if it can be had. . 
| 3. If there is ps hom yan of the battery s being raked "F the enemy's 
cannon, let an epaulement or ſcreen be raiſed at one or both ends of the 
parapet, Joining to it, and echlruced by floors of faſcines, laid as before 
| n: then all the ſtraggling twigs the faſcines deins cut, off, the 
ry is conſtructed, 
| A battery thus made will do in caſe of haſte, and where earth enough 
is not eaſily had: but as it is ſubject to be fired when the wood is dry, it is 
not ſo much in uſe as another ſort called a coffer battery! 3 W where 
— Wood is ſcarce and earth plenty. 5 
A Corrkx BATTERY is chat, where the ſides only of the wall and. 


lens re re of ſis, and al the cavities or included d ſpaces fille 


cc £ 3% 

| place of the Jas being determined, ES ca 1 ae "A 
Fnitts of the parapet 18 or 20 feet chick; aud 3 or 4 feet before the pa- 

. rapet mark out with lines or ſtakes the limits of the ditch, 10 or 1a feet 

broad, or mare if carth is wanted; allowing 8 meds in length for one 


LY 3 op . Te eee, 


* Zum, and b yards more for every other gun. 


On the, eutliges of the parapet, cut a 8 5 or 6 inches wide and 
| „and there-lay a row of faſcines, the ends being jammed one into the 


bpthel; * the by TO Sn. Lay. BY them e row, ſo that the 
. Voinins⸗ 


* 


© = 


— — — rr re ee 
4 * 
5 


— — — PP ˙ -A — — 
i * - 


— 


"mh 


mw 


are . and earth- ſacks. _ 
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kee of * heſs be not "di rely over the; joinings of the lower one, and the 
nots of all the bands turned inwards'; ſtake theſe down ; and on them 
lay in Uke manner a third and fourth row, Sc. until the neight be about 
3 feet. The fame kind of work being done at the ends, and Fd the 
epaulement if wanted, the coffer for the wall will be made. 

Then let the men 'be-diſpoſed. along the place intended for the ditch, 
and with the proper tools break the ground and throw it into the coffer; 
Where, as the earth is thrown i in, another ſet of men are to ſpread it, and 
ſtamp i it down with rammers; and this work is to pe continued 27 the 
coffer i is filled. 

. When the wall i is finiſhed, let the re be ſtaked out as be- 
fore ( 35), and a coffer formed in like manner for each ſperlon,. which' is 
alſo to be filled with earth and rammed down. 

I) be other articles in the preceding battery are to % followed i in , 
the only difference being i in the making of the parapet.  * 
hen a proper place for a temporary battery is deſtitute both of dry 
earth and wood, then materials muſt votes ny to the pace; 3 Ne uſually 
The EARTH-sAcEs are only bags to drr bart i F | 
GaBton is a large baſket without a bottom: they are of various 
1 as from 3 feet high and 22 or 3 feet Mn: to + or 8 feet high 
and 8 or 1 feet . 92885 


"0 77 ** 4 Cabin. battery. n $248 þ 
Along the line bike out for the battery; let the digs be planted ! in 
the places where the merlons are to be: the gabions uſed are of 5, 6 and 
7 feet diameter, and 8 feet high. Each merlon muſt have 7; that is, 3 
within of ſix feet diameter, next two of 7 feet diameter, and on the gutfide 
two of 5 feet diameter ; obſerving to leave proper openings for the em- 
 braſures, about 2 feet on the inſide, and q or 10 on the outſide, . 
Or thus: Let the merlons be made of gabions 5 feet diameter; then 
put four within, three in the middle, and two on the gutlide; 3 this con- 
ſtruction being rather ſtronger than the former. . 
The ends and epaulements are alſo formed by three rows of gabions. 
The floors or bottoms of the embraſures are to be filled with gabions 
about three feet high, and of a proper diameter to fill up the — be- 
n the merlons. 

3 gabions being placed ate to be flled with earth brought From the 
neareſt places in the earth -ſacks; or elſe they may be filled with dung 
mingled with ſandz and in caſes of neceſlity, they may be filled with oe 
Faſ Faggots, or billet wooch obſerving t that the voids between the 1 6 are 

filled alſo. 
: Batteries of this conſtruBtion are uſually made on merh or rocky | 
round. 1 F | 
2 41. The drt 1 in his Memoirs of Artillery; has chen a table 
for LATE ready finding of all the requiſites for the conſtruction of temporary 
batteries, and for their daily ſervice, the pieces. being 24 paunders ; and 
although theſe batteries; ate calculated only for fieges, and are of the 
coffer. kind, yet; from this table may be erived ſuch notions, as will 
© ee eee eee eee Jr 
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It is alſo proper to mention the number of. faſcines and pickets, that is 
 vſually expected UAE Gy. from the labour of each man, adds 4, 
| that ſervice. 5 
Of faſcines 5 or 6 feet long, and 5 or 6 inclies thick; bound with 
two 'wyth bands each, 550 mis will make 16 ot 18 f i a day, wh __ 
woe to each. Foo 
Ot faſeines 8 or 9. feet long by 8 or 9 inches,thick; 0 two pickets to 
each, one man uſually makes 10 or 12 in a day. 5 
Of faſdines 12 feet long by g inches thick, with three pickets to each, 
or 10 are uſually expected from the day's work of one man. 
The days here unndvos are fuch i in which the men _ york about 


* 12 hours. 215 L 12210 0 | F 
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0 When batteries are-eretied at leifure; and are wanted to and of 
„ it is beſt to malte them of ſtone or brick, or good loamy 
_ earth, agg. as the materials are neareſt at hang, e ein be 7 

rocure 
0 When made of f ons, the: thickneſs of che pagnpat- its uftialty about 
or 8 feet; * t Ae oft is varied, according to the quality of the 
1 cannon that may be brought by an enemy to 
e on it. 
Parapetb of briek ate of 5 6, 8, or even 10 feet thickneſs, according 


5 


tjo the goodneſs of the materials, or the ſervice it is to endurey and the 
. are generally of ſtone. 


A parapet made of good earth, and 18 or 20 feet thick, with the. . 
face covered with green turf, wilt reſiſt the injuries of the weather for ſe· 
. years, and ſtand the OR nagar the beſt of any. 


144 As theſe acti batteries are gener enerally taiſed (Gimewhat above 
the level of the adjacent land or water which they are to command; fo it 


is uſual to make the floors of the embraſures . the drip being Wn 


che outſide, about a foot or faot and half below the fill of the i mhex,opens 
ing; that the cannon may be pointed downward, 

When the embraſures are cut through an tent pajapets they are 
commonly lined with brick; or at leaft the angles are made of 1 maſonry, | 
theſe parts being the moſt ſubje& to be, injured by the weather, 

The beſt embraſures are thoſe made with a neck, by which a part of he 
opening becomes more contracted, and conſequently is better 
preſerve the gunners and cannon from the r 1 en llc 


1 of che embraſures are made ſtralglt. r e 


981689 i” en NS 
. Although the Ser iddo bing of an . ſhould; if . 
* It right angles to the length of the patapet, yet it may ſometimes: be 
neceffary to, have them oblique, When. this happens, the infide of the 
parapet is notched, or ſa cut away, to leave proper toom for the ſtont of 
the platform, that the wheels of the carriage may be drawn up againft the 
inner opening for the axis of the gun to lie in the axis of the-embraſute $ 
but ; then the outhde.of. the parapet. is u be ned, to |: 
for what 3 is cut oy within. "pt 


The foregoing pertieulss, rel: | ing to e will 1 
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if Draw the's axis AB eee to wy 
2. For the front opening, make Ac Ap, each — 4 to 5 wy 
J. For the inner opening, make hr RE, each from x to ff . 3, 
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Mb: \ S:conDLY, PFor.the necked embraſures. Plate Xv. Fig. 5. 
bid 1 Having drawn the cheeks for a plain embraſure As before; from 
"Xu the middle of the inner opening, draw BC, BD. © 
Ad. In the axis Ar, take B 21 or 3 feet; through. G draw IH at 

it angles to DA, cutting B, BD; in H, 1, and join En, Fr. 
Then vir, ehr, are the angular cliteks, n being the neck or nate 
-rowing of the embraſure. 
Mes Tumor. For an oblique embraſure., Plate. XV. Fig. 1 9 : 

2 Draw the axis 4 b in the direction where the gun is to . | 

9 55 wt 'N rough any convenient point 1, taken in 4 , draw NN at t right angles : 


5 44. Mie n 17 884 br 755 feet 12 the front opening, 1 281 or 14 feet for 
25 8 inner ope nin g, and feet 4 the front of the platform. | 
8 Te N, P, 2 and parallel to ES He NC, ND, Cutting the 
ES al e e 0. Se ligation FOG.” the inſide of * 


re. 
15 1 ploy fares that 4 paraper 18 ere ly weakened by the cuts for 


i Hee nes en e ee d be ſrengt ened. on the 
SOS end ie eee jd inthe paraprs of « pln drawn 
2 Plate XV. Fig. 8. | 


On the inſide of the parapet x s, lay off as many times 6 Jen in the 
points c r,. e length of the parapet will admit, ſs you are 
- geftrained: by particular circumſtances; and from the points c, c, c, &c. 

raw lines to the front of the parapet, dividing it into parts of 3 yards 
teach z: then taking the parts oppoſite to the points e for the fronts of the 
| es, the other parts will repreſent the fronts of the merlons, 

» Shade-all-the.merlons, leaving white angular ſpaces to expreſs the em- 
| 8 ſtrengthen the inner line * the . s the front lines 5 

of the merlons. - 

o.. Of the profiles of diets: Plate XV. N 8 
5 . Letthe Sold line of the battery be AB, BD that of the parapet, he 
inner ſlope of Which bn is formed by making p 4211 feet, and the per- 

pendicular a#=6 or 7 feet; the crown of the parapet u is formed by 
making 5 1 a foot or two lower than an; and the front of the batter 
I B is found by makin gg III, when of earth, or ; of þ 1 when of 
__ maſonry. Making pc=24 or 3 feet, gives c the fill of the embraſure, 
tze floor of Which co is to dip a foot or two below the level line cx. 
„The platform pk is 18 or 20 feet, the tail E riſing about 6 inches 
; above che leyel line An, the lower double line repreſents the ſleeper laid 
length wile, and the upper double line ſhaded with the lines acroſs, ell 
tte ends of the planks laid on the ſleepers, _ 
. A gun on its carriage, with the wheels againſt the Enocker at D, is 
* to We FOR to alt the learner” S FOTO. 
SECTION 
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of additional works, 


51. we 585 | 1 158 1 of Rangt. of "3 k 
When a battery. is "raiſed above the level of the PACE FA it is built on, 


chere mult be made gentle ſlopes for the cannan to be drawn up and 
down, and alſo for the eaſter communication of the troops poſted there; 


theſe ſlopes, to diſtinguiſh them from the ſlope uſually given to elevated 
works for their better ſecurity of ſtanding, are. called 7 Ak et 

| The baſe of the ſlopes commonly-given to earth- be for their . 
port, is on the inſide about a foot baſe for a foot of height, and on the 
outſide is about 8 inches on a foot,” or g of the height; that is, they riſe 
12 inches, on 8 inches of baſe, © But for the Hopes of ramps, the riſe is 
only about 2 inches on 12, or the length of the ramp's baſe is ſix times 


the height, and this is general, for the draught of carriages ; but foot- 
; — need not be of fo gentle a ſlope,” a riſe of one foot in 'three may do 


enough; or, inſtead of ramps, ſtairs m be, and commonly are, 


uſed for the paffage of the foot. 


The breadth of a carriage-ramp ib ufuant abdut 9 or 10 feet, that 


| breadth being ſufficient for the carriage and foot-way beſide ; but thoſe 
for foot-paſlage only need not be above 3 or 4 feet wide. 5 


Ramps may either riſe on the ſide of an elevated work, or againſt a 
ſaliane angle of that work, or on each ſide of an entering angle : their re- 


; ne an in plans may be * as in the NONE Ions. 5 
| 52. 47 confiru8t a Ran the fide os a, banks Plate XV. Fig. Wu 


Loet xx, 22, be lines expreſſin 1 a pray = 112 of a bank Wwe to its 
height, which fuppols to be 12 | 


ſt. Through A, the point where the ramp | is to end, how CB perpen- 


dicular to xx, and make Ac of about 10 feet. 
2d, In zz take BD=4 times AB, or 16 yards; 'theounh D draw AE, 


and through d draw CF parallel to AE, cutting xx in o, and ZZ in F. 


3d. Through r draw, at right angles to Gr, the line F x, cutting ** 


in 7, and AE in E; join BE, and the lines Gr, EA, EB. expreſs the ramp. ; thy 


- Tt is ſometimes proper to have ramps riſe on either hand for the con- 
venience of carriages coming from the right or left; but they muſt then 
be ſo far aſunder, that ſhould a carriage be drawing up each Leun re 


time, the horſes of one wy paſs clear of tips of the other. 


| To conftrufts Rom) i in a : ſaliant angle of 6 4 bank. Plate XV. Pit 8. 10. 


53. FixsT METHOD. This is done in the ſame manner as in the ſide 
of a bank; obſerving that the end A is taken 6 or 7 yards from the ſaliant 


angle, when a ramp is to be conſtructed on both ſides z otherwiſe the 


ramp may end at the ſaliant angle xX. AD] 
84. SECOND 


0 . 


a ** 


* 
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84. SECOND METHOD, Figs 11. iſt. From x draw a line xx, bi- 
King the ſaliant angle; make xN=6 times the height, or equal to 12 
yards, and on both ſides draw a parallel line Q at the diſtance from xx 
'of half the breadth of the way; ſuppoſe at 5 feet diſtance from xx. 

Ad. Biſect the angle xqR with the line qr, cutting the line zz in v; 


. 5 . 


join YR, and the plan is formed, 


55. THIRD METHOD, Fig. 12. From x the ſaliant angle, with a 
EY of 6 times the height, ſuppoſe of 12 yards, deſcribe the arc 11; - 
and with 5 times the height, or ten yards, deſcribe the arc Kk, cutting 
t in o, and draw or parallel to K.. e ee, at” as 
Make xM 2 or 3 yards, and draw the eurved lines mo, Me, which 
in plans are beſt done by hand; or elſe draw right lines from M to o, 
a from 30 to r, and the plan of the ramp is made, ee. 


. MH 35: t 1 4 


“/ ̃ V»—»ů-ůĩ •— AD 


It often happens, that by raiſing the floor of part of a battery the guns 

placed on it have an advantageous command over ſome part of the neigh _ 

 bourhood; and when the guns thus raiſed fire over the crown of the pa- 
rapet without any embraſures, it is called an OPEN BATTERY, or Battery | 


en barbe, or plainly a BARBET. 


"Theſe barbets may be made either in a curtin, or at the ſaliant angle of, 
a flanker. They ſhould always be 24 or three feet lower than the crown 


of the parapet, and about 8 or 9 yards broad at the top, with a proper 


= ſlope to the baſe, of a length ſuitable to the number of guns to be mounted, 
on them, allowing about 5 or 6 yards for each, and have a proper ramp 


at each end to aſcend them by. 
1 d noo n * 5 


7. To give a farther illuſtration of this article, here is added an ex- 
Hation pf the plan, and of the profile through the line Bc. Plate XV. 
Fi . 13, 14, 15. 5 | TT eee „„ 
Let PQRyX be a common bank of a line, the parapet of which is R8TV ; 
the inner Hope xs being about 6 or 7 feet higher than Qn: then the bank 
mo, raiſed ſo high that the cannon can fire over the crown of the pa- 
rapet 8, is the barbet, the 8 of which ap is abaut' 3 or 4 feet. 
575 the top of the barbet a platform is raiſed as in other batteries. 
Let the fig. 14, 15, repreſent part of the plan of a line, and one of its 
fAankers or of a battery conſtructed in ſuch a form; where Aa is the 
length of the barbet or raiſed battery, ſuited to the number of guns to be 
uled; which are to be drawn up the ramps put at the ends; the breadths 
being about 8 or 9 feet, and the length @ 4 about 7 or 8 yards. |» 


58. Of Cavaliers. 


VOY r | „ 85 
A cavalier is a battery raiſed above the other works, and covered bya 
_ parapetwithembraſures, -, - © . 
_ - 1Gavaliers-are of various ſhapes, ſuch as ſquare (Plate XV.) fig. 17, or 
: round; fig. 16, or like a horſe- ſhoe, or a plane line; but when they are. 
conſtructed in flankers, as is uſually the caſe, fig. 18, they are of 2 like 

Moral. 0 figure 


pla 


* 


„„.. , 


. AOe POTEN NS We”; 
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figure to that Aanker; ; leaving a ſpart'of about 8 or 10 yards or more, 


between the parapet of the flanker ard the outline of the cavalier. 


They ſhould be faced with earth, or plank of brick, but not with | 
Kone ; becauſe the ſplinters knocked off by the enemy's cannon would 


OR greatly annoy the troops, chat may de poſted in the line below the 
__  -. Cavalier, 


> 


Any other particulars will be ſuſkiciently known from the Et; ob- 
Terving, i in the plans, to repreſent their outſide limits by a double line, to 


. 5 expreſs 12 * of the h and to put a 110 in the FP: 
- "2 1 Of Traverſes. Ih e YEE. | 


A traverſe i is a "bank of earth thrown ee Footy a ke. or 


\ Other work, to prevent the enemy 's cannon from taking that line. 


Theſe traverſes may be from 12 to 18 feet thick, in order to be can- 
non proof, and their height about 6 or 7 feet; or more, if the line is ex- 


poſed to any eminence from which the enemy has a command. 


And to preſerve a communication a e of about 5 or 6 feet Wide : 


- muſt be left at one end of the traverſe. _ 13 


60. The different ways of conſtructing A works are 1 40 ſeen by 


| the figures in Plate XV. fig. 19, 20,.21, 22. 


Thus at A, fig. 19, it is formed by two equal ſhort banks, the ends of 


| which jut one beyond the other About 304 feet, leaving a paſſage of 
about 6 feet. 


At B, c, and fig. 20, 21, the end of the trayerſe juts about 2 or 3 feet 


* into the parapet, beſide the paſſage. But as this greatly weakens the pa- 


rapet, it is to be practiſed only in ſuch places where there is ſufficient 


"thickneſs left; where nothing can be ſpared from the parapet, the traverſe 
ma be made as at E and , fig. 22. 


f any part of a work, thus ſhut in by one or more traverſes, i is likely 


to be defended by the muſketry, then it is proper to add to the traverſe 
one or more foot-banks within the defence, for the troops to mount on, 


when they want to fire over the traverſe, Roving. the upper foot-bank 4 


feet below the crown of the traverſe. 


— 


Paliſades 3 are a night NG fakes about g or 10 feet lens and about 


che thickneſs of a middle-ſized leg, but of a triangular. or rectangular 


ſhape, according as they are of cleft. quartering, or fawed fluff; and have 
one of their ends pointed. Their uſe is to form a line e thoſe 


be Places, that are moſt ey to be taken by ſurprize. 


The beſt are thoſe e of oak, but where this is wanted, or on emer- 


2 occaſions, the belt are thoſe which can moſt conveniently. be pro- 
Cur $3 
In planting paliſades it is W to fink about three feet of them i into the 
ground, the thick end downwards, and the pointed end upwards, and to 
ſet them about four inches from one another; the whole is braced toge- 
ther by pieces nailed acroſs them near the tops, and 28 oy thick poſts 


Paliſades 


& 


885 e in works of any kind, to prevent thei 
they are of various kinds; as 
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Paliſades are found to be a very good defence againſt an enemy not 
Wade ſuperior, and deſtitute of ore for the defendants may freely 


5 = uſe their ſmall arms at the time they are half covered by the paliſades; 
whereas the aſſailants being quite W attack with the diſadvantage 
1 como two to one. . 1 


A barrier is a kind of fence or gate d mut up the hab or 
ing carried by ſurprize : 


a r GENE: Of Barriers. 


iſt. A ftrong chain drawn acroſs the paſſage, at about 31 or 4 feet 


above the ground, and faſtened at each end to an upright poſt, 


zd. A beam laid horizontally acroſs two upright j oſts. 
3d. A Bar-GATE hanging by hinges to an upright poſt. 
4th: A CHEvAux DE FRISE, which is an horizontal REY uſually 


155 cut with 6 ſides, each of which is armed with iron ſpikes ſet within five 
or fix inches * of the other. This beam is ſupported at each end by 7 


an ere |; cnn 
= URNSTILE, which conſiſts of two or three pieces of timber 
| 1 4 owe, making four or ſix rays like the ſpokes of a wheel; this 


frame is put on a poſt in the middle of a paſlage to turn horizontally, ſo 


that two of its rays always ſtretch acroſs the paſſage, and prevent more 


on a poſt in the midd 


5 N $ cannon for ſome time. 


than one perſon at a time from paſſing the ſame way. 


6th. A HERRISoN, which is a chevaux de friſe, turning horizontally 
Ne of a paflage like a turnſtile. 
7th, KLinNKETs are ſtrong doors or gates Mage like paliſades, and are 


5 bung no e as Unger gates are. 


A our! is uſually a temporary work thrown. up to eee the 


peer les which ſhut up, or ſecure a N AGE are uſually figures of three, 
four, five, or fix ſides, encompaſſed with a ditch and a bank of earth. 


The bank encompaſſing ſuch works e oc aka two parts, 


called Ps and parapyi. 


3 


64. The RAUraxT i is a large bank furropadiog a "ak or =" of 2 


| height ſufficient to cover the habitable parts df the houſes (if any) from 
A direct fire of the enemy; or to raiſe the defendants ſo, as to command 


the neighbourhood ; and of a thickneſs 8 de to reſi ſt "AE n of an . 


. 


65. The Pazarzrt, or breaſt- work, is a bank raiſed on the rampart 7 


close to its outer edge, to cover and defend the or fegte We it, 


4 on the rampart. 


66. On thoſe ſides of the work likely to be attacked, the parapet is cut. 


a lat embraſures and merlons, of the ſame ſiae and ſhape as has beer 


mewn at arts, 6. | | | 
5 | Sag 1 * B 2 | | Againſt | 


\ 
*Y 


8 


5 


2 den * 3 0 U leet ans a 


Us 
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Againſt every merlon a foot-bank is raiſed on the inſide for the miuſketry 


to ſtand on, when they are to fire over the crown of the parapet. 


To every embraſure a platform is to. be fitted, either of planks, as 


 ſhewn. in art. 36, or of ſtone, as deſcribed in art. 43. 
When theſe redoubts are intended to defend lines or „ 


their faces or 8 ſhould be ſo placed, that the ſhot diſcharged from 
them may fly N to the front of thoſe lines; for hereby the enemy 
be ſo galled in flank, as to find it neceſſary to attack the redoubts, 

. ſo either weaken his "tack on the lines, or cauſe him to loſe time. 
Bit! when redoubts are built more. particularly to defend the ſpot on 
which they ſtand, their faces muſt front the places from which they may 
be 1 and ww command the "Pb NE: which wy yy be * 


\ proached. 


67. The i inner Fides of ſquare. 1 are ell between the kits 
of 12 yards and 32 yards; and when hey are to be defended by muſketty, | 
By number of men neceſſary to the defence may be thus 1 


Korr. Half the fide ſquared gives the number of preps... 8 * 


EAM. In à ſquare redoubt, one fide af which within i is 24 yards, r re- 
8 the number of troops neceſſary for its defence: 
Half of 24 is 12: then the ſquare of 12 is 144 for the number of men. 


| Any, Twice the Fquire" root of 3 given number of men ſhews the 
len th in yards of the fide of a ſquare redoubt proper to contain them. 
bus to contain 100 men, the ſquare root of which number i is 10, the 
fide of the ſquare redoubt muſt be 20 yards. : | ; 
6, WA 25 conflrutt a e le Plate XV. Fj ig. 23. 


ſt, Mark out a ſquare, the ſide of which is adapted to the number of 
allotted for the defence; as AB for the inſide of the rampart. 
ad; About this ſquare, at the diſtance of 10 or 12 feet, deſcribe'another 


_ own, the ſide of which ch is the inner boundary of the parapet. 


3d. Make a parapet about 9 or 10 feet thick, the outline of which i 


"the line EF; leave a berm about 3 or 4. feet broad, the fide of which is 


GH, and dig a ditch about 16 feet wide, and about 6 or 7 feet deep, which 


let be rounded before the angles of the redoubt. 


Ath. Make the rampart from 4 feet to q or 10 feet high, according to 


i ciroumſtances; let the parapet be 6 or 7 feet higher, and let che foot- 
bank be 44 feet lower than the crown of the parapet. 


5th. On the fide moſt ſecure from the enemy make a bridge roh the 


5 ditch, and a paſſage through the rampart, The breadth of this way 


ſhould be about 4 or 5 feet, if the defence is to be by muſketry only; but 
9 or 10 feet if canon are to be uſed ; and in either caſe the paſſage is to 


| be ſhut up by a ſtrong gate. 


But if the redoubt is to be defended. by cannon, both the ee and 
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. . As it is cuſtomary for troops to preſent their breaſts to the para- 
pet, and then fire direct before them, there will be a very conſiderable 
ſpace before each angle of the work, that will be in a great meaſure with= 
out any defence. To remedy this defect in theſe works, it has been pro- 

poſed to round the inſide of the angles of the parapet, and poſt three 

or four men there to defend the angle ; for more cannot well be applied. 
But this appearing alſo defective, Mr, Clairac has ſhewn an ingenious 
method to make the fire pretty nearly equal in all parts; which is done 
by cutting the inſide of the parapet into notches, whoſe two ſides, of a 
.._ yard each, are at right angles to one another, and make half right angles 
with the ſides of the work; the manner of which and its defence, will 
de plain from fig. 23. where the lines with dots at Arg ends repreſent "0 
tee three different ways from the ſame ſide. 


There are in many Treatiſes of Fortification diteRions to inks p kind 

: - of temporary works called Sconces, or FiELD-ForTs ; ſome of which 

being pretty well contrived for defence, will be here explained; but one 

" ſpecies of ſconces, called STAR-ForTs, are ſuch wretched baubles, that 

nothing more will be mentioned of them here, _ THONG their rag are 
pretty lege to ſtick on children s kites. | 


70. 75 conſtruct a. 2 Raduuli. Plate XV, Figs, 24 25, 26. 


Having deſcribed the inner figure, where AB is an inner ſide of the re- 

doubt, ſuppoſe of about 18 yards; 

Parallel to this figure, at the diſtance of about wür or five yards from 
it (or more if 3 deicribe an outward figure, the ſides of which 
ate ED, EF, Sc. 

N . Divide each ſide, as ED, EE, &c, into three equal parts, one of which 
| is EI, EL, &c.; and in theſe ſides prolonged take DG, ER, c. each 
equal to one of thoſe three parts. 
From the points 6, H, Sc. thus found, draw the lines of defence o 
the angles of the outward figure, as Hp, We, 

From the points 1, 1, Cc. draw the flanks, Ik, TI Ee. „ 

to the ſides, ED, EF, oe. meeting the lines of 3 in K, _ Sc. 


Or, The flanks may be thus draws, 


25 In the line DI continued towards E, take if equal to twice 18. And from 
pP, as a center with the radius Pl, cut the line of . in k, and draw, 
the flank Ik. 
Then to each face ( as), flank (K1 and curtin ( 10) make a parapet 
of about 7 feet thick (or more if nece ary ), which is expreſſed in the plan 
by lines drawn at that diſtance on the inſide of the ſeveral parts. 
Leave a proper berm of about 4 or 5 feet broad, and make a ditch of 
About 5 or 6 yards wide, the outer line of which, or counterſcarp, i is to be 
95 ane to the faces and curtins N 0 3 | 


* 


— 
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| A redoubt thus conſiructed is more capable of deſence than one with 
out flanks: for the curtin 1G ts well defended by the e K; and the 
n HE FO forme TY: row the part bo 


* 


7¹. 8 5 . Reda. 


A Kuran is a * line broken into feveral curtins ad fanks; ; the 
defences of the flanks being all directed one way. | | 


This is a've good work for the defence of any paſſage, ch as a hol. 
low ways a ps a river, or a harbour's entrance, D 


If the defence is intended chiefly for cannon, the e of the Hank 8. 
from one another ſhould not exceed 300 yards, that being about the 
point-blank flight of a muſket ſhot. But if he defence is chiefly N 
for muſketry, the diſtance of the flanks may be about 50 yards or leſs. 

_ Feneral the diſtance of the flanks ſhould be re lad according to * 5 

number oſ them intended to be placed within the 0 ngth of the line. The 

length of each flank ſhould be about 15 or 18 feet, in order to admit one 

gun; but it more cannon than one are to be 40 in a flank, the flanks, 
% _ muſt be made proportionally longer. 


2 7 


And if the flanks are made about two or thtee feet Wada SR the: 
eurtins, there will be no danger of the troops poſted. in the ſaliant angle 
1 E Ku flank, 1285 hit by thele | in * e ps. 1 the flank * 


7% UT, 75 ain Run. © 


I In the front Jine take the e uy ſpaces AB, AB, Ec. df the length pro- 
1 poſed for the diſtance of the flanks, as ſuppoſe 550 yards; draw the per- 
_ pendiculars Ac, 2d, of 18 feet each, and draw the faces Bc, av. 


From the ſaliant angles A, By draw the flanks AE, BF, at right angles 
to the faces, and the maſter line ABBFAE will be conſtructed. 


| Make a rampart, parapet, and foot-bank ; ramps in the curtins, an em- 
8 "braſure i in each flank, and as many in each face as convenient. 


. The thickneſs of the parapet, if of earth, may be from 9 t to 12 benz 
NV 5 ; 


= - ; 
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SECTION Iv. 
07 the  Portifying of Towns. 


ali are fortified by furrounding them with '« rampart, moat and 
eg 
e RAU daR of a town is a large bank of earth ſurrounding 

the place, of a height ſufficient to cover the habitable parts of the houſes 
from the direct fire of an enemy; and of a thickneſs ſufficient to reſiſt - 
the efforts of his cannon for many days. 

The rampart at certain diſtances, within the reach of niet ſhot, 


mould have works projecting outwards, either contiguous to the ram- 


part, or detached from it; and- theſe projections are to be fo contrived, 


as to flank or defend one another, 


Prqjecting works contiguous to the ramparts are called baſtions, and | 
_ thoſe detached from it are called outugorks. | 


74. A BAsTTON is a projecting work confifling of four lines; namelys 
of two Facts forming a ſaliant angle; and of two FLANKs, which 


join one to the end of each face, and have their other ends Joined to the 


_ rampart. . 1 8 
TS. The Currin | is that part of 955 8 which. es between two | 
baſtions. 


F 


76. The 6 is a breaſt-work ranging quite round the faces, 8 


flanks, and curtins; of a h and 9 pars to cover the troops 
poſted on the rampart, _ 


77. The Mor is a large ditch FR on the outſide of the raropart and 
ſome outworks, quite round the place; the earth that comes out of it 
| ſerves to make the ramparts, parapets, and other elevated works. 

The SCARP is that border or wall of the moat next the place, n che 
-COUNTERSCARP i is the oppoſite border or wall, 


78. The CovertD-war is a ſort of ge or ſtreet running quito 
round the moat next the counterſcarp; and is covered on the ſide next 
the country by a bank or parapet. 


79. The GLacis is a gentle ſlope of earth deſcending from the para. 


pet of the covered- way towards the country. 


The head of the glacis is tho higheſt part of i it, or the top of the para- 


pet next the covered-way, This part is ſometimes called the counter- 
ſcarp; but the ſoldiery WY call the e and glacis 5 
the counterſcarp. | 


38. The Ourwonks, or thoſe Stacked from the 8 are of va - 
rious forms and uſes ; ſome cover the principal parts of the rampart, 
and to retard the enemy's approaches towards the town, and others to 
- ſeenre thoſe places, which, if n e de of * to che 
E ers 


er Neha PI PS H TR — emit ig; 
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ES 8 5 The names of the e, Parts, of the Plan of a Fortreſs. Plate XVI. 


RE x The figure HFBMN ns y the Bn of a baſtion, Fi ig. 4. 
„„ 28 the thickneſs of the rampart. 
| 5 a d . 4 the breadth of the parapet. 
JJ ⁰¶ . band the moat, ditch, or foſs. A” 
0 . n „ J 3 . 3 
. . ee * 5 e 0 On glacis. e 


1 ; . 
E in eee 


. bye FI TRIO! BR Of he petit Lines." bo Fa th get ot. 
Ns. [The lis a repens the exterior ſide of the 8 1A its 1 *- 
„5 „„ —‚ N _interigr me „ li its radius. 

= „% 1 Oe ch the normal. 

JJ noa ML” Fg 5 5 line of defence. 

. GI the demi-gor the rea th * the gor 6 

* r line Hy repreſents the flank Ws 0 i" 


„ 1 * 1 
2 13 4 . 1 if 3118 


| . e 8 the face Me 1295 baſtion. | „ | 
| 1 3. 90 +: Bow of the principal 4 F 1 5 x 
AY £5 The angle ALB repreſents the angle of the center, 3 
. | AAB the angle of the polygon, or 4. of the g gorge. 
I, cen ttme angle of the curtin, or E r the Hank. 
ae + © the angle of the ſhoulder” + © 
- J. the angle of the baſtion, or flanked ed angle. 
3 pf ten 7 4 Ban =» the diminiſhed angle. a 
| „ | the exterior flanking angle; or FR ATR 
. e e A the angle of the tenail. 1 85 7 88 
f | 9 fe BE EHG the interior flanking angle. r 
| Fee, Wh ouel 1 deb 5 the angle of the counterſcarp. eh, 
2. 7 names bb . ts of the Profile. of a 1 8 1 
Suppoſed to be taken Fan the line PR, Fi ig · 8 
«The line 4 een the thickneſs of the rampart at its baſe. 
a AK. the inner ſlope 8 | 8. 
8 the inner height + of the rampart. b 
0: -- the walk Y 


1 VVV ſlope, and'DE the top of the foot-bank: © 

| | 5 BF the inner face or lope” } -- © 7957 
= 22.2 2 'Bg tte top or crown of the parapet, 

4 | | ETD on 2 tze outer flope- or front } | 
„ vx the face of the wall, called the ſary.” „ 
3 „ _— the breadth of the moat. n 
N . XXI. . the outer wall of the moat, or country 


Ec ora 61; NR ery "x 
e e lope, and «Phe top of the foot-bank, 


B34 20S. 9% Or 5 $000 + ks... the Hope, of the Parapet, or inner face 1 het. 2 
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Military works 'of defence ſhould be conformable to the principles 
Wien have from time to time been collected and eſtablihed as dane Y 
mental propoſitions ; ; ſuch are the following. 


= 85. SGrkxERAL PRINCIPLES, uſually called Maxis, 


I. The plan of every place that is to be fortified, ought firſt to be cir- 
cumſeribed with one of the moſt convenient polygonal figures hat can 
be fitted to that place, and this polygon to be fortified. | 
II. The more regular the circumſcribing polygon is, the better. 
III. It is a anne to be under a neceſlity of extending the works : 
about a fortreſs. ; 
IV. Every ſide of the polygon, as ench as is poſſible, ſhould be equally 3 
fortified ; that the enemy may not me it in his choice to attack a part | 
more weak: than the reſt. g 
V. All works ought, as much as 5 poſſible, to Be eaſy to buila, hard | 
a. deftroy, and not difficult to be repaired. | 
| VI. The works about a fortreſs ſhould be ſo Fee d as to cover the 
defendants, diſcover the approaches of the Ys and be adapted to the, 
common weapons of defence. 3 
VII. Each work ſhould be defended Kok as many as may be, and li- 
aʒꝛule to be attacked from as few places as poſſible, _ |. 5 
VIII. Fheſe works made to defend one another ſhould be neten 5 
large to contain the troops and cannon neceſſary for that defence. 
IX. Works which arè to flank one another ought not to be at a greater | 
diſtance than the point- blank flight of a muſket- hot. | 
X. The works fartheſt diſtant from the body of the place ſhould ever 
be loweſt, that they may be commanded by thoſe that Ea nearer. - 
Lp 1 None of the works ſhould, if it can be helped, N beyond the 
point-blank reach of the cannon within the toẽwn. r 
K. Wet ditches are n for ſmall 8 dry ones for large 
aces: | - 
'4 XIII. Baſtions with large flanks and Rc gorges are moſt FREIE 
Ki The flanked angle of a baſtion ſhould not be much leſs than 4 
| neg one, but are better when obtuſe, not exceeding 120 or 130 degrees. 
” 5 The faces of dae ſhould not differ much 1 in length from 100 
o Var „ T3 | 
yg XVI. A. curtin ſhould not be much longer than 180 yards, nor much 
ſhorter than 100 yards. 


XVII. The angle of the curtin ſhould be between the limits of 90 
and 100 degrees. by 
XVIII. The ai fight of a bike ben is about 300 yards, 
or within the limits of 240 and 300 yardes 5 a [HAR of a battering can- 1 
non is about 1200 yards. 
XIX. Battering canhon will drive a ball 14 or 15 foes into a bank of 
5 common earth at a diſtance of. 300 or 400 yards. 5 
From the! foregoing g maxims conſtructions have been made for all * 
regular polygons om four to twelve ſides incluſive; and the quantity of 


the ſeveral lines and angles have been obtaingd from trig; ig bl, ope= 
rations ; the reſults of WHICH are contained in * h ring table. 
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By di help of this table, every thing relative to the maſter-lins of Dany” 
of theſe fortreſſes is readily conſtructee. 


Rs PROBLEM I. 


a 


To deſcribe any of the polygons i in the table. 1 
Fuer. To conflrud a polygon i in a cirele, Plate XVI. Fi is. 15 


ift. With the exterior radius of the given polyg on deſcribe a cirele. 
ad. Apply the-exterior-fide equal to 360 yards within the circumſe- 


rence of hae circle, from A to B, B to c, c to p, &c. as many times as 


the . polygon has ſides, _ 
| R 3d 0 raw the lines An, nc, ob, Re. and the e polygon will be « con- 
r * > 


1 8. Seconory, E ele, a 8 upon th exterior 5 far. Plate | 
1 XVI. Fig. 2. 


17 Draw the exterior fide AB equal to 360 en 1 1 
2d. At the ends A, n, make angles equal to the ds of ih e , 
and in that poſition draw the lines Ax, Bc, each of the length of ap. _ 
3d. At the points x, e, make angles as before, and in thoſe as 


— 


70 draw the lines ED, en, each of the ſame length as a3. 


And thus proceed until the polygon is conſtructed. | ' | 
Note, The two laſt lines may be found by deſcribing interſeting arcs | 


5 98 D, with the radius AB, from the centers x and c. 


* 


» PROBLEM u. 


To fortify an egular polygon in the table. 
Or, To draw the {regular va of a regular fortreſa. 


Vo 2 Finer, From the exterior fide. Plate XVI. Fig. * 


1ſt. Make the exterior ſide as equal to 360 yards, and find its 5 „„ 
2d. Draw cen at right angles to AB, and make cp equal to the normal. 
3d. Through p draw the lines of defence anH, BDG.. . - 

4th. Make the faces Ak, By, each of their proper lengths. 
th. Transfer the diſtance FE from F to G, and from E to u. | 
Sh. Draw the curtin GH, and the flanks EO, FH. 
This work being done for every front or fide, the: maſter-line of the 
fortreſs will be deſcribed. - | 
This method is moſt fit, when the maſter-line is to be laid down on a 
= where there were no works before, 1 | 


90. SECONDLY. To forvify from the curtin.. Fig, 3 


ft. Make the curtin O of its proper length, for the given polygon. 
ad. Make the angles of the curtin HO R, or, as in the table. 
Ad. In the lines GE, Hr, take the flanks GE, HF, of their proper length. 
Itch. Make the angles of the ſhoulders ORA, Hrn, as in 1 . * 
30. Make the faces FB, EA, of their proper 9 T his 


— 


— 
— 
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| "This method is proper te be uſed. hen Tran pk an old fortification 
is to ſerve for a curtin to fave expence, 


7. HIRDLY. To ami from the interior . Fig. 3. 


; * Make the interior ſide 1K of the length given in the table for the 
Propoſed polygon, 4 | 
. Fm From each end ſet off its proper demigorge KH and l. 
1255 OS On K and 1 as centers, with the extent of the capital, as in the | 
9 2 3 er deſerts arcs at Band a. 
th. On n and & as centers, with the length of the line of defence, as 
In the table, cut the former arcs in A and . f 5 
Ith. Draw the lines ar, BG 3 in which take the Pr At, wy and. 
draw the flanks EG, FH. © 


3 This method i is uſefyl when meatern ramparts ms baſtions are to be 
1 ſcrivted to fimple walls ſurrounding a place. 
; In either of the above methods, the work here deſcribed for one ont 
EE is to be applied to every front of the polygon; and it is recommended to 

we learner, that he apply the precepts given for one front to a complete 

Es polygon z and ſhould a frequent repetition of theſe operations to a whole 

P's | polygon become diſagreea le, they my be done only on two On, 

| which may be thus drawn. 
5 17 Draw a capital line Al.; make the angles LAB, IAA, each 2 ts f 
; * Tins. of the polygony 0 wake je e ſides Hh as ee np) o ( 


. PROBLEM I. . 
i une fle plan of « a baſtion. . Plate XVI. Fig. 4 


$ . | 1. Draw a capital line BR, and make the angles MBK, rox, each 
| equal to half the, flanked: angle. | | 


*% 


4- 


. 2d, Take the lines BF, BM, each of the 185 th of the Res: - es, 
d. At the points v, u, make the angles of the ſhoulder yrn, FIN £ 
. 4th. Make the lines FH, M, each of the length of the flank,' . 
th. At the points H, x, make the angles FHG,. Ma, equal K el 
angle of the curtin, and draw the Pieces of he curtin HG, s. 


This problem may be found. uſeful on many occaſions; Pr WY 
when the drawings of works in a baſtion are to be repreſented with that 
' baſtion only, on a large ſcale, therefore it was here introduced, more 
eſpecially for beginnets, who ars apt to be ſomewhat puzzled about wen- 
ſtructing * i yours independent of the whole, Th pL 


5 n cc 4 
. 5 . eeeelklrlet- ue. 


*. 
, 2 Aa.” © 
7 


It. Draw the lines < perpendicular to each face, flank and curting 
10 5585 In My of te lacs 4 take a g=24 yards, ab=30 yards. 
e | FORE — * 6 yards. N 
F N 7 1. Through 
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. Through the points d, c, ö, g, draw lines parallel to the maſter= - 


ere 


line; that is, to each face, flank, and curtin, interſecting one another. 
Then the breadth of the rampart is repreſented by a g 24 yards. 
e tug of the parapet db) a dg 6 yards. 
of the foot- bank by d c= 2 yards. 
of the walk of the rampart by c b==12 yards, 
And of the flope of the rampart by hg 4 yards. 


The breadths of theſe parts of the ramparts are ſometimes different, ac. 
eording to the quality of the earth, or other materials the work is to be 
Sometimes the baſtions are made ſolid ; that is, the rampart fills up 
the whole ſpace contained within the faces, flanks, and neck. The plans 
of ſuch are repreſented by continuing the pair of lines 6 g, forming the 
inner flope of the rampart, againſt the adjacent curtins, till they meet 
the capital in the breaſt of the baſtion, as at R; but then this pair of lines 


v is tobe omitted againſt the flanks and faces of ſuch baſtions. 


Insa plans drawn from a large ſcale it is uſual to expreſs the outſide lope _ 
of the rampart by a pair of lines; that is, by drawing a parallel to the 
maſter- line about five or ſix feet diſtant from it on the outſide. 
Thbe maſter- line is to be drawn the thickeſt ; the inſide of the parapet 
ſomething finer ; and the other lines as fine as they can be drawn. 


94. Before any of the lines are drawn in ink (for it ſhould be re. 
marked that every thing is firſt to be drawn in black lead pencil), let the 

. ramps be put in the inner 70 8 of the rampart (52); the embraſures in 
the parapets of the flanks (46) ;- the barbets in the ſaliant angles of the 


baſtions, fig. 6. with their ramps (56); and the cavaliers, if any are to 


| | lines be neatly drawn with Indian ink, taking care not to draw them be- 


5 be, in the ſolid baſtions, fig. 7. with their ramps and embraſures (58). 

All theſe ſeveral parts being laid down with black lead pencil, let the 
yond their proper terminations ; for wherever ſuperfluous ink lines are 
ſcraped off, the plans will never look well when they come to be waſhed 


with any colour. 


When the plan is to be waſhed, that is, coloured with tints of Indian 
ink or other colours, leave the lower line of the inner flope of the ram 
part in lead pencil, which will make it appear ſofter when the drawing is 
OR SS en El OT ns os 030 a Bw 


© 95+ In the middle of baſtions, fig. B. it is ufual to build magazines 
for the ſtores of powder, bombs, and other fire-works, and alſo for the. 


proviſions for the troops, and lodging. For in theſe places they are not 
only more out of the way of doing damage to the town on an accident of 


blowing up, but they are alſo nearer at hand to be tranſported to the ſe- 
veral works where they may be wanted; and here the troops may ſecurely. 


take their reſt when relieved from duty. 3 
P Theſe 


% 
5 


171 
4. 


8 


1 micircular vault: the fide walls are about 
= 2 and about 8 at top; the end walls about g at bottom and 4 a 
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Test nidgazinesiare uſually built about 26 yards long by 12 broad in 


ths clear, and about 8 feet high in the 9. hat beſides the riſe of the ſe- 
or 9 feet thick at the * 


and that they may be bomb proof, the work is about three beet 
thick. in the reins, or juſt above the ſpringing of the arch, and eight or 
nine feet thick in the crown'or' top; this is effeQed by building the roof 5 


NW, _ g on the outſide, like the roof of a houſe. 


heſe buildings are ſometimes ſtrengthened on each fide by buttreſſes Y 


6 feet by 4; and in each ſide wall there ſhould be left in the ſolidity of 


the wall vent-holes to air the magazine: theſe vents wind round a kind 


15 of ſhaft of about a foot ſquare. In each gable end, a ſmall window is 


made to give light. 
©4243 96. I 


taken in the latter to leave an area about their walls, if the place is ſub- 
jet to damps. There are thoſe, who would have the magazines at the 
foot of the rampatt along the curtins, in order (as they fay) that the baſ- 
tion, by being left clear, may be diſputed witb the enemy inch by inch at 


agaz ines may be e 40 bellow or ſolid baſtions eare being 


laſt; but as there are very few examples, fince the modern practice of 


war, of ſuch extraordinary reſolution in the defendants after a breach is 
made, the reaſons for having the baſtions thus unincumbered with build- 5 

ings, are rather ideal than real, and conſequent! ” can” have but little 
weight. However, when the ditch furniſhes ear 


enough, or it can be 
otherwiſe eaſily had, it has been the practice of the moſt celebrated en- 


geineers to make full baſtions, elpecially if wry were ſmail ang hay: n 


row necks. 


97. In the (aliant angles of baſtions, fig. 7. ſuch as the flanked angle, 


and the angles of the ſhoulders, it is uſual to make little centry-boxes of 


wood or tone, to ſecure the centinels from the inclemency of the wea- 


ter and random ſhot, | They are furniſhed in the ſides with loop-hotes, 
to ſee what ĩs doing in the ditch and e and alſo to fire een | 


on occaſion. / 


The plans of check centry- bones may be either ſquare, round, 8 —— 


; tagonal, and their floors are on a level with the walk of the rampart z 
their communication is by a 2 of about 3 feet wide, bricked on 
| each fide, cut through the parape 3 


. 'The centry-boxes built of - 19 are uſually ornamented with mould- | 


. ings, and the arms of the prince or ſtate. 


ol SY Om the flanked angle B of each baſtion, with the adi Bc equal 


. 24 g 


„ PROBLEM „ y = - 
The nal. ine 1 a fortreſs being given, to draw the plan 7 the fo T f and * 


' eſplanade. Plate XVI. fig. 4. 


to the breadth of the foſs, found in the table, deſcribe an are ce. 
20. Lay a ruler to touch each arc at c, and the angle E of the neatoſt | 


5 ſhoulder of the next baſtion, and in that direction aw the lines Cp, 


meeting one another in p. 
3d, From the — __ of each baſtion draw lines 2 at right 


an wy.) to Cp. if ad | 
"4 nh P 9 j | | . : © 
| oy : f : ch. 10 
; ; ” | N ö . Y 7 

„ 8 3 5 2 
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- © 4th. In each of the lines s g, take c a=10 yards (Fig. 4. _. 
. ))ͤ R 18s yalde., 
I,th. Through the points, a, o, 9, draw lines parallel to c p, meeting 
| before the middles of the curtins at c and z (Fig, 3), and before the 
- Aanked angle of the baſtions in v, x, yy. 


Then will nc repreſent the breadth of the foſs. 
„TFC. of the efplanade. 
3 e covered way. . 


„ 9b che foot-bank. 


5 FVV of the glacis, s 3 q 
-_ . The arcs cc repreſent the dete of the foſs. ee ee 
dee lines CP - the counterſcarp.  - 
JJ) bp EN . 
, RN. Ln 
En 47 | the Valles TH or: the glacks FER 
%%% 0 foot” 3 


The head of the glacis is to de drawn ſtrong, and all the other Haas 
WES 99 When the pian is to be waſhed, if the foot of the glacis be drawn 
in lead pencil only, the termination of the glacis, or its concourſe with 

che adjoining lands, will appear more ſoft and neat. ' , 
In the colouring of the glacis'it is uſual firſt to lay a very light tint of 
Colour over every plane, and then to ſtrengthen the colour on every ſe- 
ciond plane, beginning at any faliant angle; the ſtrongeſt tint to be next 
the head of the glacis, and to be waſhed gradually off; fo that the limits 
.,_ _ . of the lighteſt ſhade ſhall lie in a diagonal line from the foot of the glacis 
gat a ridge, to the head of the valley, as from y to . 
Qive a light touch of the pencil or bruſh, with a middljng tint of In- 
dian ink, along the inſide of the line, denoting the foot-bank, 
Waſh the borders of the ditch near the ſcarp and counterſcarp, 
_ _ "ſoftening the edge of the colour with a bruſh wet with fair water; in 
* 1 colour. uſed is diſtilled verdigriſe; but in dry ditches uſe 
I be parapet is generally coloured with a middling tint of Indian ink, 
1800. By this method of drawing the counterſcarp, all the foſs is ſeen 
from the flanks, and conſequently is defended by them; which muſt be 
more advantageous than if the counterſcarp was directed to any other 
part of the flank, the intercepted part next the ſhoulder being by it ren- 
_ _ dered uſeleſs for the defence of the ditch ; nevertheleſs, if it were on any | 
- account neceſlary, the direction of the wall of the ditch may point within 
- the ſhoulder by the thickneſs of the parapet of the face, and ſtill the foſs 
Would have the whole defence of the flank. ' 
101. Fortifications in general would be very defective without: foſles : 
for the wall or rampart need not be raiſed ſo high when there is a ditch, 
+ © as they muſt be without one, to ſecure the place from furprizes by ſcaling, 
c. Neither is alow wall ſo much expoſed as a high one is in the modern 
methods of attack. Beſides, a place is not ſo liable to the attempts of a 
ſurprize with a foſs, as it would be without one; for the enemy, if diſ- 
Covered, may eaſily retreat while he is on a level with the country, which 
be would find ſome difficulty in doing from the bottom of a 92 e 


Par 


9 . ” 


- ; \ l — 
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| bounded by walls or banks nearly upright.” Add to theſe, that the erh 
out of the ditch ſerves to make the ramparts, parapets, glacis, of. 
102. It may appear to ſome perſons, that the broader and deeper a foſs 
18, the better, as it would throw more dificulties in the way of th he be; 
ſiegers When they wanted to paſs it; but fome advantages are beſt wave 


"&£& 


' when, by 5 them, greater diſadvantages: would enſue... For beſide he 4 


reat expence that the dig ing and removirlg ſo much earth would occa- 
on, the enemy might ſee the foot of the Wall at a 7 diſtance in a 
broad ditch ; And in a deep one, the cannon of the flanks could not dip 
low enough to defend the bottom. And on the whole, if the foſs by its 


magnitude furniſhed more earth than was wanted, lome inconvenience | 
might ariſe in the diſpoſing of the overplus. 


103. Thoſe foſſes are beſt, which can be filled with water and dined | 


at pleaſure by the helpof duices pr floodgates 75 becauſe all the advantages 


that may be reaped either from a wet or 475 oſs, are by theſe means ob- 
tained: but as theſe cannot be had every where, the ditch 1 mult be adapted 5 


; 0 the ſituatien of the place. 


In dry foſſes a row of paliſades is ſometimes bande along the middle, 
either upright, « or floping - towards hy counterſcarp 20* or 30 from Fe 


| S upright. | 


In ſome dry folles, where water can be had, a p; eq called Curzra i 
1 * (Fig. 12.) is dug along the middle, of about 12 or 15 feet wide a 

6 feet deep, for the water to un in. p 

The breadth of the foſs, although unequal | in ittelk, "is reckoned from 
the flanked angles, before which it is always rounded ;, "the depth here may 
be from 15 to 20 feet, and thence riſe gra nd to the N of * ei 
We nk is wy or * feet leſs, tg 


"x" Ts. q 
. * A aſe. N A n * 2 5 


1 ns . 
4 2 - * 3 1 * 3 : N 1 
MS of 6, er Peg? 
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104. A Gaby is in a pat lace, is a paſſage through the rampart, 
1 can be ſhut up or opened by the means of Auers and a porteullis. 
105. A PoRTCULL1s is either a HERE conſiſting, of ſtrong pieces of 
timber framed like a lattice, the lower ends of the upright pieces being 
ſhod with pointed iron, and the whole frame let down by chains or ropes: 
or ORGUE s, conſiſting of ſeveral long pieces of timber not framed toge- 
cher; each banging by its particular rope or chain, the ends of which ate 
wound round a windlaſs which lets them all down together. 

The uſe of a portcullis ; 35 to ſtop the gateway in Caſe of a Tarprize ; 4 
andi in this, the STEVE are yo War, 155 beſt contrivance ; for a herſe may 


be broken 2 2 ard, or b . ſhot : : but ſhould a beam 
in the WL, 8 oel in the ok + the. HE IR. wt FN to 
1 the place of the part taken : Wa. ae be ; 

ates are either public or private, Po, 
106. PRIVATE or PgsxER N GATES are hoſe PER 4 the 
rampart by which the troops can. 125 out of the ton unſeen by the enemy, _ 


when they pals to and fromthe relief of the duty in the out works; 5 or on 
any other Fen which is to EIA, from ſhe e be Gt. 
EF +; * 1 LI v2 * oy * 8 1 1 wg EK 1 
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| 50). PuBLIC GATR8 are the paſſa ages through the middles of the cur- 
ins, to Which the great roads or public ways lead. 


They are put in the middles of curtins, as being ao beſt defended place 
in the out-line of the rampart. _ 


»The dimenſions of a public gate way 2 are uſually chant 13 or 14 feet 


high, and q or 10 feet wide, continued through the rampart with proper 


8 receſſes for the foot paſſenge is to ſtand in while the wheel - carriages paſs 
on. It is uſual to ornament the front of the gateway on the outſide with 


architecture either of the Tuſcan or Doric order, and to cover the paſſage 
with a ſtrong vault. Over the vault, cloſe to the town-wall, is erected a 


| building of about 18 or 20 feet ſquare; in which is ſuſpended. the port- 
.cullis 3 and on the inſide of the rampart there is generally raifed another 


ER ding, of about 100 feet in front and 30 deep, and high enough to 


. . contain one or two floors of rooms for one of the town-officers, the 


= ground floor ſerving for guard-rooms for the troops who are on oY 8 at 


: the ye. : | | | # | Wo 


| 108. To enfirut? the Plan 7 a Gate with the adjoining Buildings Pl. Kr. 
Fig. 9“ 

Let the line ac 8 the thickneſs of the baſe of he rampart; and 
che middle line of the gateway; in which take theſe meaſures in feet : 


5 af=at; fr=b; rh=18; ci=30; and cm=15: through theſe points, 
lines being drawn parallel to the curtin, take fd=4s; FJ 86=14; rag; 


' ** &==50; and & /=6 feet, and complete the figure. | 
Then bz repreſents the plan of the frontiſpiece ; g þ of the- portcullis 


. LE ee guard-houſe; and Ty is the breadth of the 


Rairs to aſcend the rampart. 


The plan, to which theſe dire8tions pk is on che knie har ſide of 
the N Nye 


hog. of the hefe, fel * Str and Buildings i ina ö 1 


When a new town is built and fortified, and all that relates to the 
rampart is fixed with regard to ſituation and fize ; ; then the plan of the 


ſtreets is to be conſidered ; and here ſome authors have thought it con- 


venient to adapt the poſition of the ſtreets to the climate the town is 
built in. 


Ihus in hot climates, they would have the 8 run NE. and 8 W.; 
NW. and SE. ; for then the ſtreets will be ſhaded by the houſes from the | 


mid- day ſun, In this manner New: Briſac, part of Malta, and ſome other 

regular built towns are laid out. But in cold climates, they adviſe to 

place the ſtreets ſo as to run north and ſouth, all and welt, in order 10 
ks baue as mel ſun heat as can be, | | 8 . 


\ 


ek DT 4 efign a Plan of the Streets and Buildings 


About the middle 1. of the town deſcribe a ſquare, the ſides of which 
mall be parallel to the poſition of the ſtreets (already determiaed); this 
a 20. is called the 1 ng place of arms, 2 the ſize of it ſhould be pro- 

Vor. II. „ portioned 


ww 


— 
s 
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5 perdoped to that of the town, and to the number of troops deſigned "wy 
its defence. Thus in a ſquare; make the fide of the place of arms about 
90 yards} in a pentagon, about 1003 a hexagon, 120; a heptagon, 1403 
an octagon, about 160 yards, Sc. In this place of arms the ere PRs: | 
: unde, or are aſſembled for their daily exerciſe.” | 
In the continuation of each fide of the ſquare draw ireets about: 10 
puoards wide; likewiſe through the middle of each fide draw a ſtreet about 
| 12 yards broad; croſs theſe ſtreets perpendicularly with others about 8 

yards wide ; make the parallel diſtance of theſe. croſs ſtreets ada 40 | 
: yards, and continue all the lines to the rampart, 
It is not neceſſary, that the middle ftreets going from the great place | 
of arms 1. ſhould terminate directly agatnft the gate E, fig. 9. But it is 
ſomewhat more conv 8 11 the rircumſtances of ms 2 will ad- 
| mit it to be ſo: | 
Make ftreets about 10 or 12 vice ite; dell' to the cuftins and E 


_—_—— pg} by the rampart. About 15 yards diſtant from this 


ſtreet, within, draw another ſtreet about 9 yards wide. In the ſpace n 
between theſe rwo ſtreets,. the barracks for lodging the | officers and ſol- 
diers are built; and in the ſtreet next the apart the | ame of thot and . 
bombs are ſometimes placed. 
The length of the plan of a barrack before a curtin is det 149 or 
1580 yards, and the plan of a pavilion : for the officers Ay" be about 25 
5 yares long by 16 or 18 yards broad. | 
Againſt thoſe curtins where the pubke gates E are placed, the bheracts 
are diſcontinued for about 40 yards on each ſide the gate, making an 
area about 80 yards long, and 36 broad, which ſerves for a leſſer place of 
arms, where the guards of a gate-way draw up in caſe of a ſurprize: 
this area is alſo uſeful for the carriages that are going out to ſtop in, until 
_ "thoſe on the bridge coming in have entered the gate. 1n figures of 4 Ss, 
er Ren ae nien 1 | 
The extremities 1 of the barracks next the gates a baſtions are uſu- 
ally aſſigned for the officers pavilions, being the moſt airy places. 
1. Of the rectangular plats made by the interſections of the ſtreets, 
| "the moſt conveniently ſituated ones are to be choſen for the public builg- 
_ "ings; ſuch as the arſenal, church, town-houſe, market, houfe for the go= 
vernor, and for the other chief officers i in the ſervice of the Rate 3 and on 
the remaining plats houſes are built for the burghers. 
| © Beſide the guard-houſes of the gates there ſhould be others made on 
che ramparts for the eentinels appointed for the night watch ; theſe guard- 
_ chambers are often placed at the centers of the necks of baſtions, when 
in thoſe places there are no cavaliers or magazines of powder. They are 
alſo well diſpoſed, when ſet on the middles of theſe curtins where there 
are no public gates, eſpecially when Were 1 is a water-gate through which 
runs a canal or river. 
_ , The arfenal ſhould be erected i ina 1 the leaſt liable to accidents of 
fire; and if there is a conveniency of water- carriage in the town, the 
arſenal ſhould be placed as near the water.as may be. Toe. - 
- ere are no general rules to be given for Fang the dene on en | 
a ihe ablic buildings are to be erected, becauſe the circumftances by 
which Opn * their Py are various. 'T herefore in the figure 


& 22% 
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x goes to; which is a regular pentagon fortified in the common way, the 
fſtreets and buildings are laid out in imitation of their diſpoſition in New 
-  Brifac; which being in general eſteem is uſually propoſed as a pattern 

meine , G00. 

There are many writers on this ſubject, who propoſe to make the 
great place of arms, or parade, ſimilar to the figure of the town when 
- regular; and from the angles and ſides of this parade, draw ſtreets to the | 
middle of the baſtiqns and curtins; but as this diſpoſition ſpoils moſt of e 
the corner houſes in the town by making the walls at oblique angles to 9 
N 45 another, it was thought ſufficient barely to mention ſuch conſtruc- 


e Bridges. oy 
112. The paſſage over the moats of fortified places is by bridges, moſt 
dommonly made of timber, and ſupported by frames riſing from the bot- 
tom of the diteh: ſuch bridges are either private or public. | 4 
PRIVATE BRIDGES ſerve. for the eaſy communication between the 
town and the out works. 58 | . | 
PUBLIC BRIDGES are thoſe by which carriages and paſſengers go over 
when they come into or depart from the town. © 
Bridges conſiſt of two parts, namely, the fixed and moveable, 3 
- , The FIXED or DORMANT parts of a bridge are thoſe parts, which are 
ſtrongly joined to the ſapporting piers z and are never moved but in the 
caſes. of repairs, or during a ſiege. ; „„ 
The MovgABLER or DRAW-BRIDGE. is a floor of timber framed to- 
gether, one end of which ſerves as an axis, by which the other end may 
. ; 4 drawn up or let down by ſome eaſy contrivance: the moſt. common 
way is by a kind of balance called plyers. _ e Fat 
The PLyzRs are two timber levers about twice the length of the 
bridge they lift, and joined together by other timbers framed in the form 
ok a St. Andrew's croſs, which ſerves as a counterpoiſe. The plyers are 
- ſupported by two upright jaumbs, on which they ſwing ; and the draw- 
- bridge is raiſed or let down by the means of chains joined at the ends of 
- - the plyers and bridge. 3 )CCCCCC Ä 
I The breadth of a public bridge is uſually, about 16 feet, including the 
rails and footway of about 3 feet on each ſide: but the breadth of the 
 draw-bridge is only 9 or 10 feet, and its length about 15 feet. . 
A draw bridge is generally placed cloſe to the gate, whether it be the 
gate of the town or that of an outwork ; and is then by the means of the 
Plyers drawn up againſt the gate. But when a bridge is more than 40 
PFoards long, it is uſual, beſide the draw-bridge at the gate, to put another 


About che middle of the bridge. 


113. ö Do dra a Bridge in the Pian of a Fortreſs. © 
Before the gates draw four lines acroſs the ditch, making three intervals 
det ſpaces, the middle one being 10 feet broad, and the ſpace on each 
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Divide che length of the bridge into parts of about 16 feet long each, 
to expreſs the diſtance between pier and pier, or the bays of building; 
aud againſt each diviſion, on the outſide of the lines, make a ſquare of 'a_ 

foot, to expreſs the ends of the piers ſupporting the bridge. 
Allow the bay next the gate for a draw- bridge; and if the length Pp 
the bridge exceeds 40 yards, allow the middle bay for another draw- 
bridge. Theſe are to be diſtinguiſhed by drawing two diagonals acroſs 
the middle interval of theſe bays, that of the other bays having lines 
drawn acroſs them at a ſmall diſtance from one another, and the ſpace on 
each ſide left white for the Ay z which is to be broken off at each 
draw-bridge. See figs, 13, 15, Plate XVI. | FE CR 
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1 be Orillon and Retired Flank. e's 
When the beſiegers of a fortreſs have made a breach in the face of 
a baſtion ſufficiently perfect, and have every thing ready for the ſtorm, 
they croſs the ditch to the attack, if the befieged will ſuffer it to be 
brought on. In this attack, the fire from the flanks is the moſt effectual 
defence; and cannon placed there, loaded with grape or caſe-fhot, would 
do great execution. But of this the befiegers are well aware, and there- 
fore take care before-hand to diſmount all the cannon flanking their in- 
_ tended paſlage of the foſs; and as this cannot be well prevented by the 
— beſieged, eſpecially when the flanks are plain ones, ſeveral of the moſt 
eminent engineers have propoſed, and actually built part of the flanks re- 
tired behind the ordinary limits, leaving at the ſhoulder of the baſtion a 
maſs of earth, commonly called an Orillon, which is to ſerve as a ſkreen 
between the enemy's direct fire and a part of the flank. In this covered 
part is reſerved one or two cannon, to be uſed only in the defence of the 
breach in the face of the next baſtion, gh F 
Ihis notion of covering part of the flank is almoſt as old as the mo- 
%%% . a PB Per: 


* — 


115. To confirudt the Orillen and Retired Flank. Plate XVI. Fig. 10. 

1ſt. At right angles to the face as, draw from the angle of the ſnoul- 

der the line $b equal to 8 or 9 yards, and make the center of the arc 
8a, forming the 71% . CCF 

24d. From a point 2, in the face of the next baſtion, fig. 6, about 1 5 

yards from the point A, draw through 2 a line zm; in which, and alfo in 

tte line of defence Ar produced, take the briſures or breaks a m and 7n, 

4d. From m and , with the radius mn, deſcribe arcs cutting in 4, 

Which make the center of the are mn, or contave HUI. 
_ * 4th. In dm produced, which ſerves as the termination at this end, 
lay the ſeveral *breadths of the parts of the rampart; as the parapet=6 


_ yards, foot-bank=2 yards, walk 12 yards, and the flope=4. yards ; 
ten from the center d, through thoſe points, deſcribe arcs, 1 he 
_  'parapet, foot-bank, and rampart lines of the briſure, theſe being in 


the continuation of the like lines drawn within the face of the next 


MARINE FORTIFICATION, wy 


4 The parapet of the Filo is drawn parallel to s a at 6 yards diſtance. 
The axis or middle line of each uncovered embraſure in the flank, 


tſhould tend toward a point about the middle of the foſs oppoſite the 
flanked angle of the next baſtion. ff 8 Tree £1 93 


be above 2 or 3 feet thick to ſupport the earth behind it. 


© "The wall in the upper briſure am, as it cannot be battered, need not 


Through this wall there ſhould be a fally-port coming out at the bot - 
tom of the foſs if a dry one, or a little above the water line in a wet foſs. 


"6 4. 


The deſcent to this port is by a paſſage under the rampart of the flank; 


but in ſtraight flanks the fally-port is in the curtin next the angle of the 


flank, the paſſage to it being under the rampart of the curtin. 


The entrance into theſe ſally- ports is marked on the inner ſlope of the 


' rampart againſt the letters v. 


' moſt about 6 or. 7 cannon. But if the beſieged can by any artifice pre- 


— 


116. . 0 5 7 Double Flants. 


** 


can be conveniently made only within 10 or 12 yards of the head of the 


15 


S <4 4 8 


The progreſs of the works of the beſiegers generally depends on their 


_ 


haying a greater army than is in the town beſieged, and of forming a. 
greater fire on the town than it can return; therefore ſome engineers 
have endeavoured, to hinder the progreſs of the beſiegers. batteries, by 
furniſhing the town with an equal, or rather a ſuperior. fire; and this has 
fh propoſed to be effected by making ſecond and third flanks, one be- 
ind another, gradually more elevated than thoſe before. For as it is 
found convenient to ſilence the fire of the flanks, before the beſiegers can 
avail themſelves of the breach they make in the face of the baſtion; 
batteries are made againſt the flanks, and kept playing at the ſame time 
with thoſe againſt the faces. Now the batteries for the ruin of the flanks 


glacis, and their length not greater than about 40 yards, containing at 


ſerve the cannon in the oppoſite- flank, and have a greater number there 


83 
25 


than are in the battery oppoſed, their fire will of courſe be ſuperior, and 
ruin the battery intended to offend them; and this Was expected to be © 


* 


accompliſhed by double, or cazemated flanks. 


* 


d fone places two or three tier of cannon were placed one above the 
other, the upper ones being ſupported by vaulted work, as in the Tower 


of London; but ſuch having been found very inconvenient, on account 


of the great ſmother contained in the vaults, they have been generally 
=conftrucied open. e 1 
The casemated flanks have been condemned by many writers, becauſe 
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they may be rendered uſeleſs by the enemy's bombs; were this objection 
juſt, it wauld hold againſt any ſmall work; for the beſiegers having once 


a 


got the length to any place, may render that place alſo uſeleſs to the be- 
sged; and it ul thence follow, that it were beft not to have any 


8 graces of defence. But as the utility of ſuch works has been commended 


y ſome of the moſt eminent engineers, it was judged proper to mention 


| | > here bow theſe flanks may be conſtructed, 
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11 17. 7. Of 2 orks for the Defence. fa the W th {4k 


Such works are uſually called zenazls, or ramſborns, or caponiers, fy 


A TENAIL is a work t in the ditch eee the curtin upon 0 


4 n of defence. 


A RAMSHORN is a el — W in n fol before the fanks, ö 


| and preſenting its convexity to the covered-way. 


A CAPoONIER is a kind of covered- way or gallery netoſp- As dry ditch . 
before the middle of the curtin 3 and limited 8 e the lines of defences 15 


and the counterſcarp. 


The tenails never riſe above the common. 8 level, but are fre: 
quently two or three feet lower : they con ſt of a rampart of about 12 or : 
15 yards thick, covered by a parapet of cannon proof, with one or two 
foot-banks. Theſe works are placed at ſuch a diſtance from the curting 


and flanks, that the ſplinters of ſtone knocked off them by the beſiegers 


cannon may not hurt the troops poſted there to flank the enemy in their 


. of the fols; which is the principal uſe they are made ſor. 


The caponier is of like uſe, but is uſually ſunk about two or three tet c 


ower than the bottom of the foſs. It is about two or three yards broad, 


alan is covered by a parapet about 6 ſeet. high. on each fide, which Hlopes | 
: away like a glacis about 15 brag broad. It is. frequently covered by. 4 ; 


5 roof made with hurdles, to ſuſtain a floor of earth about a foot thick, an 


1 | the whole ſupported with thick planks. = ape . Fefe 


; bene * the en to fire throu gb... WF 
24 8 To conflrud. „ Plate xVL 


rampart, parapet, and foot- bank. 28 


FClecond fort with faces only, Fig. 12. Take th: diſtances Gus the gi 
: 1 and flanks, the ſame as before ; 3 and ind Gs lines of defence: was =o 


mpart and parapet. l 


ird fort with faces and 21 Fig. 3. When the hwy of PARA . 
24S one another i in v, fo near the curtin that there is not room for the. 
. © thickneſs of the rampart and its diſtande from the e male the face 
Oy 25 932 carts of 3 of a D, and Aue the curtin a ah we e 


Pe : $5 Pt ey Ae 
FEY $60) FM ; 


6 ne, 14; 15 conflrut a. Aire Fi ig. F 


From ke exterior flanking, an 4 D draw a line Dp to _ b of "i 
Ip D þ draw parallel lines, at the diſtances 
f 1h, 24, and 1s yards from pp; dicks lines being Hunted by the lines * 


counterſcarp p; on each fide © 


5 of defence and counterſcarp, form the caponier. 


This work, which can be uſed- only i in a dry „ditch, leres, belides' its 
1 defence of the fols, for a convenient paſſage etch the town and its 
; DAY 3. and in this caſe there ulyally 2 circular excavation made in 


the 


1 2 


SECTION v. 8 


4 HE 8 
An VE 1+ > 19, 
- Firſt fort with 1b flanks, Fig. 11. Parallel to the curtins and: Giles; ROY 
| w lines ep at 4 or 5 yards diſtance, and E e, G g, at 10 yards diſtance : 
from x, and D, the middles of co, CE, draw the flanks F þ, 0 D d, at right 
angles to the lines of defence a 24 1 Bez draw the curtin 'af, and i ok in the 


* 
* 


._..Ciples as thoſe of the place itſelf; to which may be added, 


8 
3 Xe. x» 


T 


i the angle of the counterſcarp, out of which the troops may defile without 
being ſeen by the enemy: * he e 5 


120. | To conflrutt a Ramſborn. Plate XVI. Fig. 13. 
A linena drawn from p, the angle of the ſhoulder, at right angles ta. 


-_  *the line of defence, its interſection à with Br, the other line of defence 


continued, gives the center a; from which, with the radius ap, deſcribe. 
the outline Ac of the ramſhorn, cp being equal to 10 yards; and annex 
à parapet, foot-bank, and walk, as in the other tenails. 5 
This work ſeems preferable to either of the other tenails, both on ac- 
"count of its ſimplicity, and the defence for which it is conſtrued, _ 


427 2 


„ „„ 
JJ) 8 


1321. OuTworks are all thoſe works advanced beyond the foſs, ſerv-- 


ing to augment the defence of the town, to cover the gates, bridges, and 


other weak parts; to encloſe thoſe eminences, not too far diftant, which 


command the town; to ſurround and defend the ſuburbs, if any; and, in 


fine, to throw ſo many difficulties in the way of the beſiegers, that, by the 
length of the ſiege, the enemy may waſte both his time and troops; be- 


© , ſides, ſuch protraction frequently affords an opportunity of obliging him 


to raiſe the hoy either by the approach of a relieving army, or by the 


5 ſetting in of a ſeaſon unfit for military buſineſs. 


\ - 


The outworks recorded by engineers are various, ſuch as ravelins,. 


 half-moons, lunettes, counterguardi, burn warks, crown works, tenails, and, 
ſeveral others. But many of them having been found defective, are. 


now difuſed in all new works and alterations; and therefore thoſe only 
which are now in moſt eſteem will be here treated of, referring the more 


inquiſitive readers to the, writings of Mallet, Dedier, Le Blond, Muller, 
and others. | a | 


122. The conſtructions of outworks depend on much the ſame prin- 


: 


»:- 1h, Every part of an outwork ought. to be flanked or defended either 
from ſome neighbouring work, or from the town itſelf; that the enemy 
may not find any place of real ſhelter among. the out works, without be- 
ing at the labour of throwing up a covering for himſelf. 8 


3 ad. As the chief defence depends on the muſket, the parts mutually | 


flanking one another ought to be within the ordinary reach of that 
weapon; that is, not exceeding about 300 yards. | 


by 3d. Every outwork ought to be commanded from the town and 


therefore the more advanced works are ever to be the loweſt. The gra- 


dation uſually obſerved from work to work is about three feet; that is, 


the rampart of all works advanced before a place gradually diminiſh three 
feet in height from the rampart of that place; thus if the town ramparts 


: are 18 feet high, the rampart of the next outwork is 15 feet high, that of 
the work next advanced is 12 feet, and ſo on; thus the more advanced 


. orks are commanded by thoſe next within. 


* 


* 


C . 


T4. n 4th. The 


— 
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Ath. The Aanked angle of an-outwork. ought not to be: leſs: thats: 6 


. 
Ith. Each outwork ſhould be ſurrounded. with a ditch ade; 
with the foſs of the town. When all the ditehes can be filled with water 
they ought to be equally. deep; but when that cannot be obtained, the 
ditches of outworks ſhould be ſhallower than that of the town; .by Which 
means the front of the outworks will be better defended from the parts 
which. flank them. Theſe ditches are uſually from about 20 to 14 
yards broad, and rounded to that breadth before the ſaliant angles, with 
a the countericargs parallel to the 8 or outlines of the work they encom- 
aſs. 
N 6th. The parapets of en are to be equally ſong and 1285 Min 
thoſe of the town, as they are to be cannon proof, and to cover the troops 
poſted on the ramparts, of thoſe works. So that it is uſual to make the 
parapets of outworks of about 18 feet thick, 6 or 64 feet high, with a 
foot-bank 44 feet lower than the crown or creſt of the parapet; and e 
walk of the rampart about ſeven or eight yards broad, With a Lope WARN 
of about once and a half its height. - 


When the plan of a fortification 1 be drawn, i in 0 ahich- are ai 


IL 


| warks. the counterſcarp of the great foſs is to remain in black- lead pen- 125 | 


ci}, until the outworks are annexed in pencil alſo, with their foſſes ; then 


the coveted way and ar are to be "Ow ee the e of oy 
the wor ks, 3 : A 


| 123. "Of 1 the Revelin, Plate XVI. e 14, 1 55 90. 17. % 
A N is a work made before a curtin, ſerving to cover it and 
the adjoining | flanks from the direct fire of an enemy. Fe is compoſed of 
two faces, AB, AC (fig. 14), ad the two r p B, pe taken on” 
the counterſcarp. 

2 conſtrudt a veveline.s Toa lids "drawn at right angles to "a cane 
thtough its middle, take the capital p A equal to about roO yards, and 
draw the faces AB, Ac, directed to points in the faces of the next ee 12 

about 10 yards diſtance from , the angle of the ſhoulder.. 7 

In this work put a rampart of about 16 or 20 yards, and x\paraper' of 
about 6 yards; and before the faces put a foſs of about 24 yards wide, 
rounded 2 the ſaliant angle A ; alſo annex ramps in the ſlope of the = 
rampart, and, if proper, conſtruct a barbet-in the ſaliarit angle. EF. ; 
Ide gorge of the ravelin, or the part next the town, is left open; J 
without any rampart; becauſe. the enemy cannot attack it there; and 
* a NOW it NOT. be es commanded © from the . Li 22 
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124. TP is proper to ky a 8 pekte every curtin,.; ab the Ranks . 
are by theſe means covered from the enemy, and cannot well be ruined . 
before he is maſter of the ravelin ; without W. ich, he would have it in his 
power to batter the flanks from the counterſcarp, both from before the 
curtin and the face of the baſtion; the latter of theſe being. the only... 
* gone” * can do it from, when a ravelin is interpoſed, of Which he is not 


. e E 


4 


. 
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maſter, But the difficulty of erecting à battery on the head of the glacis 
againſt the face of a baſtion, is rather too _=_ to be undertaken, while 
the place is defended by the whole fire of the adjacent face of the rave 
lin; and therefore the beſiegers can ſcarcely hurt the flanks before they 
have taken the ravelin; conſequently ſuch works greatly augment the 
125. As the face and foſs of a ravelin is defended by part of the face 
2 of the oppoſite baſtion ; therefore the faces of the ravelin ſhould be di- 
- / reed ſomewhat within the angle of the ſhoulder, at leaſt as much as 
the breadth of the parapet and foot-bank of the flank; beſides, by this 
_ conſtruction they cover the flanks more effectually, which is one of the 
principal things wanted, as the flanks are of moſt importance, and to be 
preſerved the longeſ. „ 8 
126. In wet ditches, where the troops paſs from the town to the rave 
lin in boats, it is proper to make a kind of harbour in the gorge of the 
ravelin, where the boats may lie covered from the fire of the enemy; 
and this may be done various ways: One is, by making an excavation 
limited by an arc deſcribed from A (fig. 15), the angle of the counter- 
ſcarp, with a radius of about 20 yards. In dry foſſes, it is proper to 
have either ramps or ſtairs in the gorge of the ravelin, to preſerve a free 
communication, ſhould the bridges be broken by the enemy's ſhot 
127. In ſome ravelins, (fig. 16) there is conſtrufted a kind of redoubr, 
or K gee, which is a ſmall work ſimilar to the ravelin, with a ditch of 
about 10 or 12 yards wide. The capital may be about 30 or 40 yards; 
and the work covered in the faces by a wall of a foot or two thick, fur- 
niſhed with loop- holes for the muſketry to fire throu dg. 
TDhuis keep ſerves to ſecure a retreat for the troops who defend the ra- 
velin, and on this account the defence of the breach in the ravelin may 
be more obſtinately maintained; and even when the defendants are 
obliged to give way to a ſuperior force, they nay retire into the ep, and 
prevent the enemy from making a lodgment in the outward part of the 
ravelin, or at leaſt greatly ohſtruct it; and cannot be driven from this 
paulwace until the enemy has erected a battery, and brought cannon on the 
ravelin to batter the keep. - | te. foe 
\ © The conſtruction may be otherwiſe ' made by taking the diſtance 8A 
+ . equal to about 20 yards on the gorge of the ravelin, and out of the reſt 
forming the keep with its foſs; the ſcarp and counterſcarp being drawn 
parallel to the faces of the ravelin, the two fronts of which form a work 
-- covering. the keep; and is uſually called the counterguard. . 
128. The ravelins, called by ſome authors Half moons, have ſometimes. 
their corners at B and c, fig. 14, cut off, either parallel to the capital 
5p A, or at right angles to the foſs, making a kind of flank about 12 yards 
long, with its rampart and parapet, This ſerves to give a more direct 
fire along the covered- way, which is meant more particularly to be de- 
bo bn 3 but then it partly lays open the flanks, which the ravelins were 
origin W cover. | „ 
129. The celebrated General Cehorn, in the ravelins which he built 
at Bergen-op-Zozm, contrived. a very good defence for the covered-wa 
before the faces of the baſtions, by making retired flanks in the breaſts; 
. of the ravelin, where one or two cannon might be placed as ſecure * 


5 — 


the enemy's fire, as thoſe behind the orillon of a baſtion. Theſe covered 
Cannon in the ravelin ſeem to have been intended for the defence of the 
- _ - Covered.way on the laſt emergency, as tlioſe in the baſtion were for the 
dJJeeſence of the breach, when the beſiegers brought on the ſtorm. Bur 
- the covered cannon in the ravelin ſeem to have this preference; that as 
towns are not uſually given up until the enemy is maſter” of the covered 
way; the ſecreted guns in the ravelin have an opportunity of being em- 
ployed in the uſe for which they were placed there; whereas the guns 
covered by the orillons are very rarely of any uſe, as there are few garri-- 
Tons which ſtand the ſtorm of the breach in a baſtion, . 
130. Greborn's ravelins may be imitated by the following conſtruction. 
In the gorge of the ravelin take ab, fig. 17, equal to about 20 yards, 
dra the flank 5c at right angles to a 5, make bc equal to about 12 or 14 
yards, and draw. the cover cd parallel to 2 b. To the flank bc annex a 
rampart, parapet, embraſures, and ramp; and to prevent theſe flanks 
being raked from the enemy's batteries, particularly by the ricochet, or 
2 bounding ſhot, there may be made a traverſe about 10 feet thick acroſs 
RIO the top of the flank at c, with a ſmall mine under it, to blow up the tra- 
vVvVerſe when the beſieged are obliged to quit the ravelin, leſt it ſhould ſerve 
do cover the aſſailants from the fire of the town. 
„ | =» Goeharn has alſo made flanks at the corners 4 of the ravelin, which may 
IN de conftrufted. by taking an equal to 10 yards, and drawing ue parallel 
to bc, meeting c d in dz then de is the flank require. 
It ſeems proper, when ſuch ravelins are uſed, that the faces ſhould 
„  __. ſpread on thoſe of the adjoining baſtions 10 or 12 yards farther from the 
angle of the ſhoulder, than in ravelins which have no flanks; and this 
is done at Bergen- op- Zoom, where the faces of the ravelins would fall be- 
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A CoUuNTERGUARD. is a work generally ſerving to cover a baſtion.: 

it is compoſed'of two faces, forming a ſaliant angle before the flanked 

angle of a baſtion. sss. CCC 


J/JJWJWVVVWVV h 18 oo EE 

Having deſcribed"the'ravelins, and drawn their foſſes, in the counter- 
__  ſeiyp of the ravelin, take 25 equal to about 24 yards, and draw the face 
e parallel to the counterſcarp of the foſs before the baſtion ; and the 
___ - _ "outline of the counterguard will be determined ; the inner boundary be- 
ng the counterſcarp of the grand foſs. ner”, A 


FLSER DOS 

In chis work put a rampart about 16 or 18 yards broad, with a para- 

pet of fix” yards, and annex the ramps and a batbet if neceſſary : Alſo 
8 a fols of 24, yards in breadth, the counterſcarp being parallel to the 
be counterguard ſeems to be, next to the ravelin, one of the moſt 
uſeful outworks ; for it occupies but little ground, is of no great ex- 

nce, covers the faces of the baſtion ſo efteQtually, that they cannot be 

9 attered in breach, until the enemy has made himſe maſter of this work j | 
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. 1 7 To confiruft q Tenaillon. Plate XVI. Fi ig. 19. 


as was evident at the fiege of Liſſe in 1708, where the beſiegers were 
twice or thyice driven out of a tenailion Ms had taken and retaken, 


296. deere 4 7 0 a before's PETR Plate XVI. Fig. 20. 20. 


In a line drawn from o, the angle of the counterſcarp, at right Mate 
to, the curtin, take oc equal to about 250 or 260 yards z through c draw 
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wag when he has it; he will meet with difficulties enough in dean eirth 


to cover himſelf. and ere his batteries; : and muſt therefore be at a con- 


fiderable trouble in brin ing it from beyond the foſs, while he is ex- 


poſed to the fire of the faces of the neighbouring ravelins ; which, with 


the wks of he 1 are the Yefences of my ene 


1 * 
* « i 4 N * 
. . . $ N 
* ©: g 13 4 © 4 F 4 1 4 a 4 * E 1 


132. Is 5 5 5 of the "ns 115 


A Texaition 1 a wth compoſed of a' ravelin aa 65 Aledo: 
works called lunettes, which partly or wholly cover the faces of the ra- 


velin from an enemy's direct fire. 


When the detached works cover only the lower art. of the faces of 
the ravelin, they are called /mall lunettes: but when they cover the whole 
faces, they are called greni lunektet, ang this is ay work which i is hers 


meant by the word tenaillon, Sali e 


* 


— 


7 


drawing 5s v, the figure 1 5 v tis the great Iunette; to which a rampart, 


| parapet, and ramps are to be annexed againſt its faces? v, and branches' | 


vs, of the ſame kind with thoſe in the ravelin. 
134. A great lunette may be conſiderably firengthensd by making 


acroſs its middle, at A, a retrenchment, conſiſting of a rampart, parapet, 
and a foſs about ſix or eight yards broad; and ſeven or eight feet dee 
the parapet being drawn at right angles to the eounterſcarp of the rayelih 


againſt the middle of its face; and the ditch of the retrenchment com- 


municating with that of d fuel. 5 


A tenaillon is a work capable of affording great defence to the befiegers, 


2 35. : 1 | Of a . 


A Hoxn-work is a fortification compoſed of two Chak "7 wg called 
- branches, tending toward che town, and of a. front formed. by a curtin 
between two half - baſtions. 


This work, when _ is fometimes put before a baſtion, but oftener 
| againſt a curtin. 2008 l. e 


12 9 
19 * 


44. at right angles to oc, and mak 1 Eh each. \ equal to half oc, ſo 
94.) is ADP, to * „ e 


FT >} 
* 


0 1 4 i 4 be 
| þ 9 4 
* * K 4 * I | v4 F 0 4 # 14 4 8 0 4 4 © 4 
* = : \ 1. 1 


* Take 


Reeg deſcribed the ravelin and its foſs, the counterſearp of which 5 
etz in the face e f continued, take f © equal to about 60 yards, and on 
dhe counterſcarp of the grand foſ take 2 equal to 25 or 50 yards; then 


we 


EZ 


- circumftance by which all works ſhould be partly rated. Th. 
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„Take the narmal. cD equal, 0:5 of AA, through, D draw the nne * 


Fee AL ; make the faces AB equal to & 45; transfer the diſtance B55 


from B to 1 the line of defence, draw the flanks B1, and curtin 11, and 


draw the branches & toward ſome point in the face of the Hatton, 
about 8 or. 39. yards Noh the angle of the. ſhoulder. | 4 


Ag ainſt the faces, flanks, curtin, and branches, put a rampart 145 | 1 
r. as in the ravelins; make a foſs of 2 2&7 yards 1 in breadth before the 
LO angles A, the counterſcurp of the foſs in the front Doing directed 
ard B, the Angle of the capers and the a. drawn. par el to the 5 
ches. | Yb. 4. f 
A ſmall ravelin is uſually put befots the ouftin of a Be Work for 


the ſame uſes as that before the curtin of the town. Make the. eapital 


on faces of the ravelin, which, are to be ee with a- rampart: and 


P about 60 yards, draw the faces as in the large ravelins, and make a 
{about 15 or 16 yards wide, the counterſcarp of Which is parallel ta 


parapet, 


n r ſometimes made in the born-werk, as in the 
great lunette, and for the fame aſe erf to "event the Gieuſties 


col an enemy in a ſiege. N 
ee ain wi. ts folsis made before the curtin of the ton, i ins 
3 the-born-work, which it cmm and. 


2 8. There is another work, called a Crown- work; ett of fene 
ts. of a whale -baſtion, two half-baſtions; and two curtins, and is 


| — on the ſides by two long btanches directed toward the in b | 


is work is like Pn works connected A 1 5 by: their branches -. 
being put ſide to ſide 11 

. zorks and; ng het Lok 1 chiefly Nets dc be un 
riſing or hollow ground, or a ſuburb; but are now. in general diſciteem. 
on-account. that their defence is very "ſmall i in proportion tar auen coſt, a 


9-43 4 
There are ſeveral other works called out-works, which ana be found 


in the treatiſes written on F ortification, oo are here omitted on account 
| geen n 2 ee of ö r 175 Lt ADP NL, K 
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When all thedinended 8 are .Jannexed_to the plan, md Hi e- 
u foſſes are drawn, communicating one with another, the covered 
way and glacis are to be drawn parallel to the counterſcarps of che foſſes; 

a fnot · bank is to range quite round the covered-wayy at the foot of 


its parapet. The top of this foot- bank ſhould be at leaſf four feet broad, 


that there may be convenient room left for the troops to ſtand on, after _ 
the palliſades Ire planted, a tow df them being always to run quite round 


the covered-way. The manner of ſettin Ge recommended by the 


Moſt celebrated engineers, and part culatly by the great marſhal Vauban, 
one of the moſt experienced men in miſitary Works that ever lived, is to 


put the pallifades du the upper foot-bank about”a foot diſtant from the 


| foot of the parapet, ſunk in the ground at leaſt three let, and and ah 
on à level _ the 2 6 or N of- the . ve 
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Palliſades thus placed are not expoſed to the cannon of the beſiegers; 
the moſt they can do will be only to bruſh their points; neither can 
they be eafily jumped over by the troops commanded to the attack of the 
covered-way, nor readily cut down; and their diſtance from the parapet 
leaves a ſpace ſufficient for men to go along to repair any diſorder.. 
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_ PLACES or Anus in the covered- way are ſpaces made at the entering 
and faliant Angles, conſiderably larger than the ſtreet of the covered- 
Way, and formed by turning the head of the glacis into two faces pro- 
jecting toward the country; thoſe at the ſaliant angles are formed by 
the roundings of the counterſcarp; but thoſe at the entering angles are 
thus conſtructed. Plate XVI. fig. 3. e 
In che head of the glacis take the gorges co, co, from 20 to 30 yards; 
draw the faces o t, ot, ſo that the angles to @ be between go and 100 
degrees; and parallel to thoſe faces draw a glacis of about 50 yards. 
The faces of of the entering places of arms ſhould not make angles 
greater than 100 degrees with the branches of the covered-way o a, becauſe 
. thoſe branches could not then be defended ſo well by the muſketry, as 
when their ſhot was delivered directly along the glacis, nearly parallel 
to the branches, which can only be done when the defences are nearly 
at right angles to the places defended, ' 4 
Some writers have adviſed to round all the ſaliant angles of the places 
ol arms, becauſe thoſe angles could then be defended by more men: per- 
haps there might be ſome advantage in notehing the faces ſomewhat like 
a redan, as mentioned at Article 69. Ong Wt IONS 
1541. The great Coehorn was fo conſcious of the advantage of places 
of arms at the entering angles for the defence of the covered-way, that he 
was very particular in their deſcription, aad took ſuch care in the con- 
ſtruction of thoſe at Bergen-op- Zoom, that they very well anſwered his de- 
fign, as was evident in the famous ſiege of this place in the year 1747. 


 Grehorn's Places of Arms may be thus imitated, 
6 Plate XVI. fig. 21. where the work is on a larger ſcale, to be plainer. 
Take the gorges a b, 4 b, about 45 yards, and the faces 3 4 bc, about 


50 or 60 yards. At 10 yards diſtance from the faces, draw the fir/t lu- 
nette A, with a ditch before its faces, both together being about ten or 


Mm twelve yards broad, its ends being terminated by the line a 6. Within 


this, at about 10 yards diſtance, draw a ſecond lunette B of about five 
yards broad, its ends ftretching about half-way the breadth of the co- 
vered-way, - Behind the ends of each lunette, at the diſtance of two or 
three yards, put a traverſe of about five yards thick, reaching from the 
_ 'Eounterſcarp about two or three yards farther than the ends of the lu- 
nette. And about the angle of the counterſcarp make a ſkreen of about 

fix yards in each face and gorge ; which ſcreen is to be of brick-work 
with p- be for the muſketry, to favour the retreat to the defendants 


nden driven from their works in this well-contrived place of arms. 
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Wen the beſicgers haue puſhed on their approaches ſo far, as to he 


* 


within 30 or 40 yards of the head of the glacis, it will be in their power 
to rake the covered - way from ſome of the? batteries 3; to prevent ata 
and alfo to ſhelter the troops in ſome meaſure. from the ricochet or re- 


bounding ſhot, traverſes are thrown acroſs the covered - way, particularly 


on each {ide of every place of arms, and in every branch af the covered= 


way where the length of that branch exceeds 50 or 60 yards. 


ch traverſe is furniſhed with a foot-bank ; and a fow of pallifades 


planted on the foot-bank ; and the paſſa 


niſhed with klinkets or doors, to ſhut it up when neceſſary, 
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In the middle of ſome faces of the entering places of arms a filly<way” 

is made, which is a paſfage cut through the parapet, or head of the {Mts 7 
to facilitate the ſallies of the beſieged. © To make fally-ways in the places 

of arms faliant would be improper ;_ becauſe as tlioſe places ate the moſt 

. attac Hl they ſhould not by any means be weakened; 
TDhbeſe paſſages are cut oblique to the faces of the places of arms, and 

wind toward the faliant angle in ſuch à manner, as not to be eaſily en- 


convenient to be firſt attacke 


filaded or raked; oo riſe gradually from the foot- of the parapet, until 
they meet the ſlope of 


fally-ways ; ever 

to ſhut up again Joe 
Every detached work in a fortification ſhould have a ready and free 

communication preſerved, otherwiſe they might be diſadvantageous to the 
place. i 


ſurprizes and ſudden attacks. N 


Communications are preſerved in various other ways than by bridges, | 
which are liable to be deſtroyed by the enemy's cannon. In dry foſles it 


From the town to the tenail, by a fubterraneous way under the rampart 


in the middle of the curtin into the foſs, and riſing thence by ramps or 


ſtairs into the tenail: from the tenail by a ſubterraneous way into the 


caponier, and thence to the ravelin, either by ramps, ſtairs, or a timber 
ſtage: from the ravelin to the works beyond, the communication is kept 


in like manner; or ſometimes a way is ſunk acroſs a ditch, and covered 
wich a parapet next the enemy; an the way from the foſs to the places 
of arms is alſo by ſtairs, or by a timber ſtage. e 


Over wet ditches the troops are conveyed by boats, or rafts; or by . 
uttle bridges about three feet wide lying nearly level with the water's 


_ edge; but che latter are inconvenient in the night, and much more ſo 


en the defendants are obliged to quit the work precipitatel ,. 


— 


or fix feet wide is left between the counterſcarp. and the end of the ram 


5 | art, which ſerves for the eommunication between that work and the eo- 


When 


ge round its end ſhould be fur- 


the glacis, at the diftance of ſeven or eight yards 

from its head, The roads to the town commonly paſs through theſe 

one of which would be furniſhed with a good barrier; 
. 3 n 


In the gorges of ravelins and other outworks, a ſpace or paſſage five 


— 


25 When wet foſſes are to be repreſented in plans, it is done by givin 
them a tint with diſtilled verdigriſe along the borders of their ſcarps — 4 
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counterſcarps; but in printed plans it is expreſſed as in the ditch of the 


ing the ſaid borders with a tint of brown biſter; but in prints dry foſſes 
ate expreſſed as in the ditch of the ravelin at fig. 14: And a cuvet is re- 


ravelin at fig. 15; and dry ditches are ſnewn in coloured plans by waſh- 


preſented by a double line drawn along the middle of the foſs, as againſt 
A % c ona ro I + 


„%. e Works beyond the Glacs, 


: * I 


- Sometimes, when earth is wanting to raiſe the ſeveral works to theit 


proper height, or when the defence is to be increaſed, a foſs about 20 or 
25 yards broad is ſunk at the foot of the glacis, encompaſſing either the 
hole or ſome convenient part of it. But then it is proper that the glacis 


' ſhould ſlope quite to the bottom of this foſs; if it is a dry one, or a wet 
one which can be drained; for otherwiſe, when the enemy comes to be 
poſſeſſed of it, he would find a trench ready dug to ſkreen him from the 


fire of the covered-way, and other places. 


a * 


Jo this advanced foſs is uſually annexed, when it can be, a covered- 


way and glaeis; and there are not wanting fortifications, which have 


- 


three covered-ways and glaciſes one before the other. 


; "4 


146. Before ſome of the ſaliant angles of the glacis there are fore 


times conſtructed a kind of work, called a lunette, or by ſome an arrow. 
It conſiſts only of a parapet and feot-bank forming two faces, making 

a a ſaliant angle, the legs of which are parallel to the head of the glacis, 
through the ridge of which runs a narrow paſſage to the lunette. 


147. Sometimes works called redaubis are conſtructed before the ſa. 
- liant angles; ſome of theſe works have foſſes, covered-way, and glacis; 


others are made to depend on their own Zefence; but to all theſe de- 


tached works a proper communication muſt be preſerved with the co- 


vered- way, and in ſuch a manner as not eaſily to be cut off. When this 


paſſage is two or three times as long as the glacis is broad, the paſſage 


- ſhould have one or more traverſes acroſs it, to prevent its being raked; 


148. 1 10 by Of Profiles. 1 LE 


alſo, on either ſide, it ſhould be covered by a parapet and ſmall glacis. 


* 


Tue ProFiLs of "a work is a figure expreſling | the ſeveral heights, 
- depths, and breadths of that work. | | 1 


The profiles of works ate regulated according to their uſe, and alſo-ac- - 
cording to the quality of the materials with which thoſe works are to be 
made. h | | 1 


Thus the ramparts of the town are ever thicker than thoſe of out- 


works ; the breadth of the parapet only remains nearly the ſame in moſt 
works: beſides, a rampart made of good firm earth need not be ſo thick 


as one made of looſe and ſandy materials; from 20 to 24 yards will do 


in the former caſe ; but leſs than 25 or 30 yards will not ſuffice with 


F Profiles 
| CEE F 7 


2 


i 
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da regulated with regard to the expence intended to ba 
beſtowed. on the works 3 that is, according to the, outſide coating or, wall- 
ing of the rampart and parapet, namely, whether it be done witt earth or 
-Intire.naſoprys. or halt one and half the teCrr. "oy 
1 eee e, is ralſedz and dhe ſurface is.covered. or 
plaiſtered with a — hog ot ance made of well-iempered urs or. loam; 
this coating or plaiſtering is — plarrage or cruſfin g. | 
=. Andwhenthe NI is covered, with 8 turf,,or, as it is E com- ” 
mon, with clods of fat mould cut in the form of, wedges; and called Ba 
2ons or ſods, this kind of coating is called gazonage or ſodding. | 
150. When the whole front of a work, from the bottom of the foſs 
, the. crown of the parapet, is covered or fronted With a wall of ſtone or 
þ this kind of work is called entire maſonry... 

151. When the front of the rampart, from the bottom. of the fols tc do 
the horizontal 27 2 or IT level, or a little 18 is fronted with. 
Wall e or ſtone, and t * . front DEL Wit 
5 _ wen mne n 8d Cf MR e "6 


a +» % 1 - 
> 8 5 wa. N * Wm” . » ©. _—_ " * F 
a l * 8 iN * os OP „ 2 I 4 ne 
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e e ADL Ag. 02. 6 
* i AHLQ repreſent the horizontal,-or--ground line, taken through the 
face of a baſtion, and acroſs the fols, and through + exe 
glacis: in this line take the following meaſures; /namely, r, 

, 7 Ax gz or 4 yards; R c IO yards: c ce d=6 feet; hour * —_ | 
18 or 20 feet: g a=120r 14 feet; a u=9 feet; H IZ Ia feet; Im 
| Nee of the fols 3 1 e L 5 yards 3, uf Ker; gs 


_ 
reg: the points Ry 0 4 & & 2 m, us fy draw lines perpendicular 
we K + © 
In ches lines take R z=3or yas; r cm=nb +2 feet; 4 tec 12 
P er=d ETA feet; z 6 =c _ My; (2:88. fret; m On 
| feet; Marx feet; 9 rz; feet. 
Draw the lines Ak, sc, Er, ro, S * 91, Kt, Kane Then dra 
ED parallel to Ak, and equal to 3 feet, and draw oc; alſo diſpoſe of the 
uy_ between o and v, in like manner as betweeil t and r. | 
Then will the ſeyeral parts of the profile be completed, and 3 
Amed 3 namely, BA the inner, and 6 u the outſide, ſlopes of the ram- 
part; to which e is the walk; FE the inſide, and yd the crown of the 
parapet; c the ſlope, and DE the top of the foot-bank ; 4 H the berm 
or foreland ʒ; it the ſcarp; KI the counterſcarp, and 1 the bottom of the 
ditch; LM "the covered-way ; ; oN the flope, and No the top, of the 
| ms 3-0P:the- inſide of the parapet, and PQ the ſlope. of the glacis. 
The palliſaqes are put on the top No of the foot - bank. 2 
153. In ramparts coated with earth it is uſual to ſet a row: = rides 
in the front of the rampart, as at h, about five or ſix feet below the crown 
of the parapet. Tbeſe are not planted upright, but nearly horizontal, | 
the point dripping a little below the level; and this work, which is called 


A 
_— 


ri 
4 raiſing or Flaccagey is done to prevent e by. word and Sl to 
P 4 8 deſertions. ee I wy * 8 TOS of | 
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dz In moſt tamparts coated with earth, whether of the town or out- 
Works it is uſual to plant on the berm, either a row of upright palliſades, 
ns at'f, or a quick - ſet hedge of thorn, which ſhould be kept conſtantly 
eut, to make it grow N — methods ſerves 2 cover the 
troops in going their rounds. Sometimes both palliſades and hedge are 
uſed, thd-hedes Banding Fotemoſt. E n 
Ihe ſaliast angles of all earth - works ſhould be rounded. off; otherwiſe 
the: wauld ſoon deſtroy the angular edges, and make them look 
worle than the other parts. . F 87 


1 


gg. When the coating of the work is entire maſonry. Fig. 23. 


Having determined all the parts through the rampart to the line © g, 


. | : | t Art. 152 3 in 8 g take 6123 or 4 foet, for the upright face of the 


Hharapets on I, with the radius of one foot, deſcribe a ſemicircle repre. 
ating - the corden, which is a large ſemicircular moulding that ranges 
along the whole front; take g equal to 18 feet, and draw r cs t parallel 
% the ground line, and this repreſents the bottom of the foſs. Take rc 
and its parallel 1 a, each equal to 5 feet; draw the fearp 1c, and draw as 
parallel to d g, which continue to about 6 feet below r c, and this Ine 
repreſants/the back of the wall; through 6 draw a line 5 4m n parallel to 
de ground line, and this repreſents the bottom line of the foundations, 
-Whifh1is uſually about 6 feet below the bottoms of the foſſes; though in 
| ſome caſes it muſt be more; and let the foundation line bd project about 
a feet; before the ſcarp line 1c. Draw a line about 3 feet behind the front 
' A4line-of the parapet 61, parallel to it, which will repreſent the thickneſs 
of the front wall of the parapet; to which muſt be annexed, at G, a 
Vite prejection, of about 6 inches in ſally and height, to expreſs the 
coving ; and the outlines of the profile of the rampart will be 
156. From the directions already given, it will be eaſy to conceive 
how to regulate the profiles of 1 whether they are to be fronted . 
Wich turf or maſonry ; and according to Art. 155, where the other pro- 
Hiles of the maſenry annexed in the figures 24 and 25 that of 24 being 
n tenail before the curtin, of which no more than the parapet riſes above 
- the ground level; and conſequently the walls to ſupport this work need 
not be ſo thick as thoſe are, which ſuſtain the lateral thruſt of higher 
banks ; and for the ſame reaſon, the counterſcarp walls are of a leſs 
ſtrength. In che ravelin, fig. 25, the front is half maſonry, or the wall- 
ing is Carried up to the ground level, and the front of the rampart and 


* 2 hopes is ſuppoſed to be coated with earth; but the walling in this caſe 


mould praject about 2 or 3 feet below the foot of the rampart, in order 
do preſer ve a proper berm. i pr Oe He S We 
1867. Phe walks of all ramparts, and alſo the covered-way, ſhould 
. ape backward; in order to carry off the rain; this ſloping may be about 
' half an inch, or an inch in @ foot. „ 
15858. The' fearping uſually given to earth facings is about 8 inches 
on I2, or the baſe of the flope is 3 of the height; and the ſcarpings ge- 


” erally allowed to fronts of maſonry is about 4 or & of its height; and 


With regerd to the thickneſs of the walls, Mr. Vauban uſually allowed 
bout 5 feet at top, and gradually thickened toward the bottom by their 
G e . ſcarging 


8 


ay 
75 — 


ſearping of 1-foot in 5 of height; and this" profile he has experimented... 
in the works of 1 50 towns, where he has directed the building of ino 
than 4000000 of cubie yards of walling. But in order to add a greater 


ſtrength to his walls he places buttreſſes, built of rough ſtone, at diſtances 


of 18 feet from one another on the inſide. Theſe buttreſſes are in length 
about the thickneſs of the wall at the bottom, and their breadth on a 
mean, about half their length; and they are carried up; as hi 
don, which greatly contributed to take off the: thruſt of the- 
W | 15 1 EL ENP 61 % % e mfr rv 
159. At the flanked angles of baſtions, and other works, e 
+ ſhould riſe about a foot or two higher for about 12 or 14 yards on either 
ſide the angle, than along the reſt of the faces, and the ſame ſhould be 
obſerved for about 4 or 5 yards om each ſide of the more expoſed falian 
angles of the covered-way: for by theſe means, the troops ranged along 

thoſe faces will be ſome what better defended from the ricochety or bound- 

, ing %%% , HYPER $131 i e en ee 


'as the cor- 


LE It OT c oemgrgabi io. 
160. Ws Sb. "ny Of Irregular Fortiſicatians. e tag F207 
WMben a town or other place is to be fortified, it generally happens 
that the polygon which beſt circumſcribes its plan will be very irregular, 
and conſequently the fortifying of that polygon will not fall under the 
rules already given for regular fortification: it is therefore proper to point 
out to a learner how he may proceed on ſuch occaſionss. - om, 
161. Let the plan of the place be circumſcribed,: if poſſible, by u po- 
lygon, the angles of which are all faliant, none leſs than 60 degrees, nor 
much greater than 120 and none of the ſides leſs than 200 yards; lor 

greater than 350. This polygon, which is to be the interior one, ſhoule 
have its ſides not leſs diſtant from the houſes. than 50 yards; and the for- 
tification is to be made from the interior ſ idee. 
I brough every angle of the polygon draw a line biſecting it; and on 
theſe lines, continued without the polygon, lay from the angular points 
the capitals, (in the Table, Art. 86) of thoſe polygons, the angles of which 
are neareſt to the angles in the given irregular” polygon. Alſo on euch 
fide of the capital, from the ſaid angles, lay the demigorges, 'corteſpond- 
Ing to the capitals uſed on the ſides of the polygon : 
Then the lines of defence being drawn, and the correſponding faces 
laid on them, the Maſter-line of the fortification to the given irregular 
poly gon may be readily completed (as in Art. 91); to which the rampart, 
foſs, and proper out- Works, may be annexed, as before ſlew n. 
162. In circumicribing the given place with a polygon proper to it; ifit 
ſhould ſo happen, that the ſides, when drawn at the diſtance of 50 yards 
from the houſes, make a polygon very different from that above directed; 
then muſt the poſitions and . of all thoſe lines, or of ſome of them, 
be changed, and various ways tried, when the ſituation will admit of 
_ thoſe various trials, until one is hit upon which will ſuit the place and 
come near the fbreſaid limits, which may be done by encloſing a larger 
ſpace, and permitting the ſides of the polygon to run farther from the 
houſes in ſome places than 53% yards. And although by theſe means the 
fortification will be more extended, and thereby occaſion a greater ex= 
pence both in building and l yet as by its nearer approach to 
regularity, it will be ſtronger in itſelf, and more effectually anſwor the end 


— 
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ferred to the former. e e 3G e ily re 
163. It ſhould be obſerved, that regularity is not confined ſtrictly to 


of ſortiſying, the latter conſiderations may, on ſome accounts, de pre- 


ſuch polygons only as can be eircumſeribed by a circle, or nearly ſo; for 


2 polygon inſcribed in an oval kind of figure will have a great regularity, 


and may be made almoſt equally ſtrong, by putting the ſtronger kind of 
Hut-works at the narrow ends. For as theſe ends, on account of their 


ſmall breadth in proportion to the longer fides, cannot flank. the ap- 
proaches of an enemy ſo well as the longer ſides, and as the enemy is not 


under a neceſſity of extending his works ſo much; conſequently the 


have their out- works ſtronger. VVV 
164. If the ſituation is ſuch, that one or more of the ſides of the cir- 


ſmaller ends may be more advantageouſly attacked, and therefore ſhould 


cumſcribing polygon cannot by any eaſy: means be made leſs than 400 


1 yards or more ; then ſuch ſtdes ſhould be divided into parts of ſome num- 


BI 


\ 


r of yards, between 200 and 350, as many as its length will admit of, 
which may then be conſidered as compoſed of ſo many polygonal. ſides, 
At every diviſion, make ſuch a baſtion as the limits will admit, taking 


care that the faces of each are commanded by the adjacent flanks of the 


next baſtions. 


165. When any of the angles become too acute to make in that place 
a. whole baſtion, the angle may be diminiſhed only on one fide, making 


there a half baſtion, and let the other fide be either left as one line, or 


make two or three ſmall flanks in it, in the nature of a redan (71); ob- 
ſerving that the whole front is commanded by the flank of the next baſ- 
tion. Or ſhould the angle be too ſmall even for a half-baſtion, then both 
ſides may be fortified in the manner of redans, and commanded from the 
flanks of the next baſtions; but, in the caſe of theſe acute angles, the 
angular paint ſhould be made very ſolid, and the ſides about ſuch angle 
ſhorter than the others. „ 2 875 35 


1066. Should the polygon have one or more entering angles, which can» 
not be avoided; when that angle is near 9o degrees, and the adjacent 


.  _ ſides do not each exceed 250 yards, thoſe ſides, with the aſſiſtance of the 


* 
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flanks. of the next baſtions, will very well defend one another, and alſo _ 
the entering angle: but ſhould the angle exceed 120 degrees, then put 
againſt that angle a work like a baſtion, if it can. be; or if there is not 
room for the projection of the flanked angle, make but one face, obſery- 


ng that it be raked from one of the adjacent flanks. 


. 167. A town that has been fortified in the ancient manner, and has 
A good rampart and foſs, may be put into a good ſtate of defence 
againſt the modern methods of attack, by adding outworks. ſo diſpoſed as 
to cover the town wall, be mutually defended; by one another, and com- 
manded from the ramparts of the town. Such a place, with the out- 
works judiciouſly diſpoſed, may hold out as many days as a place formed 


on a regular plan, which has been evinced from the good defence made 


by ſeveral towns fortified in this manner. 2255 
168. There is a multitude of other things that might be ſaid on the 


\ buſineſs. of irregular fortification, which, on account of the deſigned bre- 


vity of this. tract, muſt be omitted; but after all, the beſt notions are ac- 


— in theſe matters from ſtudying the plans of the fortified towns in 


At moſt print-ſhops, 17 


veral parts of the world. Collections of theſe plans may be met with 
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20 A Harxzouk.or Pok r is an opening or inlet into the 4 
into which the ſea runs with a depth of water ſufficient to float ſhips, and 


| where ſuch veſſels may he ſecure from tempeſts and the fea. | 


0% Marine Fortif ca 


tude of ways pro ofed for their defence; but here the Bu neſs will be 
5 confined | to a few of the more common ſituations, 185 


Harbours in general may be diſtinguiſhed into two Kinds, namely ar- J 


: tificial and natural. 


170. Artificial harbotrs are ſueh inlets 'of the coat; as Are vendors MA 


Cafe for ſhip 
works call 


—— to ride there, by building about is entrance certain 
Mor xs or PlExs, which defend the ſhips/ within from the 


95 furges of the ſea without. When the moles or piers can be brought fo cloſe, 
as to be ſhut up by Prices or gates, the harbour is then called a BASOH; 


but the inner part of a en were the ſhips ride in Kill water, is 
Uſually called the baſon. 97 


"All artficts] ports of theſe Kinds ate cafity forefied by building on d 
Moles or piers, batteries, redoubts, or ts which command the entrance 
into the harbour; but às theſe works are uſually done at the time with 5 


0 the moles are made, there need be no more aid of them i in this work.” 


| forming | them. is fach as contributes to the ſafety of the” ſhi ping, by 
ke e veſſels 18 the 950 of the ſea; and this N Wh in 
various ner 


3 ance; or 
derable wah where 
waves, 


pectin 5 3 nn Pet Wers for * riding of Hips at 


"172. The properties of a Penn r ke, amchen depth of water 


Jor large ſhips to enter at any time, whether the tide be in or out; | 


offing, Sad at eaſy acceſs out of all danger from the Winds; free, en- 


trance, without rock or fand-bank ; the entrance not too wide to be eaſily 
barred and deferided upon ahon ; not ſubject to overflow, and Where 


hips mays BY cloſe to — keys; "where the Vellets are -ſh&ltered from all 
Winds by the bigh wountains-ſerroundin the eos, ana from which 


there is in extended. view-of the ſea ; 1aftly, that the th ipping there be in 


2 e „ e l the 


As harbours may be of very different forms, ſo there ma be Oy Ja 


a narrow inlet that runs int he? land for 'a conſi- 
ſhores near the entrance receive the ſhock of the 

render the upper FE fmooth enough to anchor in, of which 

kind are navigable rivers ; or a large deep bay, where iNands, or other 


199 Ht near one 73 chat ſurges are gore at 


hb 


MARINE FORTIFICATION. £3 


> 
* 
9 


- 


173. There axe many, places in which ſhips anchor, that lie open to 

the ſea, and are ſafe to ride in only when' the weather is calm, or when 

particular winds blow ; ſuch anchoring places are called roads. 
TERS ot enen STAN LE $ | 
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Of he fortifying of Rade and Harbours. 


174. Fs SorT. When a town lies open to the ſea upon a curved or 
 ftraight bold ſhare, and has before it a ſufficient depth of water and goed an- 
chorage, within gun-ſhot of the ſhore, * As ſuch places can afford ſhelter for 
ſhipping only at certain times of the year, when they ate generally ſure 
to have calm weather, or [Tv gales, in which veſſels may ſafely ride at 
anchor, they cannot ſo well be ſecured from the attack of an enemy, as 
places more incloſed. However, the ſhipping lying there during the 
ſeaſon of trade, may be well defended by forts built near the water's edge 
on each ſide of the anchoring place; lach forts being fo contrived as tg 
nave two or three-batteries, one higher than the other, furniſhed with 
many cannon, earns ſhot from 24 to 48 pounds, will. awe the ſhips o 

r 


an enemy in 7 om undertaking any thing againſt the veſſels that 
are lying in that rode. n . 4 


175. But in order to defend the town itſelf, there ſhould be a rampart 
or wall, well flanked, built along the ſhore, beſide the fortifications on 
the land ſide. The works along the ſhore ſhould be carried ſo near to 
| the, water's edge, that were any troops to land under the cannon of a 
Hoet, they might not find any ground to entrench themſelves on. 

175. Forts built on a bold ſhore, te which 5 of war can come 
within muſket- ſhot, are in general liable to be eaſily taken, unleſs ſome 
precautions are uſed, For as the batteries on ſhore are ſeldom raiſed 
much above the water's level, in order to be more certain of their mark; 
| Ts troops poſted at the guns are liable to be commanded by the marines 
quartered in the round-tops, and other elevated parts of the ſhips, Hows 

ever, this may be prevented, either by driving ſeveral rows of piles 
which are long pieces of timber, or the bodies' of trees, pointed, and 
mod with iron at one end when neceſſary) in the water before the fort; 
or by fixing along the battery a kind of /bed made with planks of muſket- 

roof, and covered with raw hides or earth, that Dey Ay not be ſet on 
Gre by . combultibles thrown from the ſhips. Theſe ſheds are conve- 
nient not only to preſerve the troops poſted at the guns from muſket- 
ſhot, during. the time of an attack; but they would alſo preſerve the 
cannon and Carriages from the weather at all times; for the expence of 


* 
25 
* 
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. Fee planks, uſed now and then to repair ſuch ſheds, added to the 


Feſt coſt, might, perhaps, in a length of time, be found of leſs expence 
tan the gun<carriages they would preſerve ; and ſhould it turn out 


. otherwiſe, the framing and planks might be prepared in time of peace, 


N 
1 


and ſet up only when there are apprehenſions of an attack; but care 
© hold be taken to. fix them ſo, as to be lealt expoſed to the cannon from 
tte ſhips. In ſuch” ſheds; as they would be open behind, the ſmoke 


Poe Be "ſoon diffipated; and might be ſooner thrown off by making 
Gam. " 2} HERE * | 5 | * D 3 op — n 7 holes 
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" boles, in \ the ed over every gui; ; "which holes mey be covered by a fliots 


_ Plank raiſed before them.” 
177. SECOND Sort. When Jarbdu# belng 4 bay, has v foal or ſole 
| wag lying before itt entrance: Such a Pack is fortified: by building a 
Krong fort on the iſland, in a place Where it can command the entrance 
on both ſides, when the ſize of this iſland is not too large fur this pur- 
pole; but. when the mouth of the harbour, and the extent of the ifland 
is too large for one fort on the iſland to guard the entrance, then two or 
more forts ſhould be raiſed in the moſt commodious places that command 
| the avenues to the bay. 
RNS 78. Beſide the forts raiſed on Ah an iſland or ſhoal before” &* 41. 
| bour” s entrance, there ſhould be others raiſed: on the moſt convenient 
ints of land forming the mouth of the bay; which will make the de- 
| of the paſſage more ſecure, ſhould the ſhips of an enemy paſs the 
| We defencces. 
Wben forts are thus built, it i is not enough to contrive them in | 
ſuch a manner, that their batteries may annoy the ſhipping which attem 
_ a forcible paſſage; but they ſhould be alſo carefully fortified to refift at- 
tempts from an en . ; for ſhould this be neglected, a boy 6 of 
© marines, or ſeamen, landing on the iſland or place where the battery or 
Fort is, would fruſtrate the intention of fuch fertifications' or defences, of 


Which there are many inſtances to be met with in hiſtor e. | 
180. As there may be ſeveral ſpots or points proper to ered the de- = 


Fences on, and which may command the entrance of the harbour in the 

anner deſeribed above, it is of importance to know which will have 
moſt advantages and feweſt diſadvantages ; for both circumſtances are 
to be brought into the account, and that choſen which has moſt of the 
former and feweſt of the latter. Thus the ſoil ſhould be the firmeſt 
and moſt capable to bear the cannon and building to be erected. The 
Stound of a height ſufficient to be out of the reach of tides and floods, 
"and not much higher than is barely neceſſary to avoid thoſe” inconve- 

iences ; for the cannon commands beſt when near the Water's level. 
Hes place ſhould be difficult for an enemy to land in its neighbourhood z 
and if landed, where they may be moſt incommoded in their march to 
"the fort—Where ſuccours may egſily approach where the troops on duty 


may without much trouble &btain the neceſlaries of life —and Where there 
are the feweſt noxious exhalitions,  _ 5 


— 


When the moſt convenient place for a fort or battery i is choſen, the 
next thing to cobſider is, whether the Work is to be temporary or perfe- | 
9 al ; that is, whether the work is to ſerve only for a preſent emergency, 

to be kept | in repair under a probability of its bein frequently at- 
a: ; and whether the work be temporary or Pepe is nece 

that it be ſuited to the materials at hand, or that can be procure with the 
leaſt trouble and expence. 1 

8. It may frequently happen, that in luck Fraatibiig the penge | 
between the illand and main is rather too wide for cannon to com- 
mand acroßß; 1 if the place is of ſufflcient importance, there 

may be maby ways cohtrived to remedy this defect, when it is poſfible 
3 be U he beſt are thoſe which oblige ſhipping to Keep in 
© "one tract or channel ; and when this can be accompliſhed,” either 


1 8 old erf ue running out moles, or conttiving to form _ 
SRO of era 5 


1 
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: banks or ſhoals, or by any other means that the ſituation of the place 
can furniſh ; forts alſo or batteries may be advanced ſo far into the water, 
as to command that channel; or if the paſſage cannot be reduced to leſs 
than two channels, then a fort ſhould be erected, if poſſible, between 


* 


þ 


182. In the building of theſe works great care ſhould be taken, that 


the foundations are laid ſufficiently firm to ſupport the ſuperſtructure ; 
and as theſe places are generally low, either in marſhy or ſandy ſituations, - 
a great number of piles ſhould be driven into the ſoil, to the depth of 10, 

20, 30, or more feet, according as they drive with more or leſs difficulty. 


Akt a quantity of ſuch piles be driven, at the diſtance of 12 or 18 inches 


from one another, over the place intended for the foundation, and the 


tops of them be cut level ſome feet below the ſurface, a floor of timber 


may be laid over the tops of the piles, and the building raiſed on it. 


183. Tin SorT. When the harbour is in à bay, and the points which 
Form the entrance jiretch into the ſea, and approach one another within cannon«' 
Foot: Such a harbour is fortified by building on both ſides of its entrance 


one or more forts; and if it is potlible, let a fort be alſo built within the 
harbour's mouth, in ſuch a manner, that its cannon can rake the ſhip- 


ping fore and aft as they come in; for this would be a good reſerve, 


ſhould an enemy's fleet force their way between the forts which com- 


LEY 


mand the entrance. If there is no proper ſpot for ſuch a fort, let others 
be erected on the moſt convenient points, that command the turning to 
the right and left within the mouth of the bay; for by theſe means an 


enemy will be obliged to endure a kind of running fire, which, if the 
_ forts be well conſtructed, he will ſcarcely be able to ſuſtain. 
184. FouRTH SoRT. IF hen a harbour is formed by & cluſter of iſlands : 
Such a harbour is not difficult to fortify, when the channel between the 
. iſlands is not too wide for the command of cannon from one or both 


ſhores, the directions how to place the forts in the foregoing caſes being 


equally applicable to this. And in places where the channel is more 
than cannot-ſhot from either ſhore, the ſhipping that can ride there 


muſt depend upon the. batteries aſhore, as in the firſt caſe, when the ſhore 


is bold enough for the ſhips to run under the cannon. 


185. Fir TH SokT. When the harbour lies in an inlet or river ſome miles 


above its mouth: If the paſſage to the port lies ſtraight, and can be com- 


A. 


manded from fide to ſide, a fort built at each point of the entrance, and 


two others between them and the harbour, but not oppoſite to one an- 
_ other, unleſs the width of the channel requires it, will, in moſt caſes, be a 


& a. 


would be when failing by them on a direct courſe, 


proper ſecurity for the ſhipping in ſuch a harbour. And when the chan- 


nel or river is winding, the forts ſhould be built where they can command 


a reach at leaſt; or be fo placed at the bends, as to command two ad- 
jacent reaches; for as veſſels muſt tack near the forts ſo placed, they will 
at thoſe times be more under the command of the batteries, than they 


In the directions for placing forts in this, and the other caſes, there 
has been no mention of the figure, in which it would be moſt proper to 


4A. 


+, uſually taken on ſuch occafigns. | 


Conſttuct them; for the engineer, who has the charge of ſuch works, 


& 


: | pete does, or ſhould take care to adapt the figure to the ſpot; but 


or the ſake of the mariner, it was Judged proper to point out the methods 
A „ 28-/ ' © 


— 


; 


*y 


D 


„ MARTNE FOWNIFLEWHTON: 
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8 which are fortified wi with ary te oy 


| one-fixth of the fide ; and the face about twice the normal, 


180 yards, even between the limits of b 


place it is to defend 3 for —— be a . abſarity to- build 2 large. 
__ Expenſive: fort to ſecure a harbour or port of little more uſe than as a. 
- ſhelter to a few 


fiſhing-boats.; 
work to guard a haven, where many Sos: of Gema ü reste art 
| laid up, & riding at nber. oo 235 dg Rt 


While thoſe in ihe faces and'curtins command the paſſage Jirealy 15 | 


and if this be thought. not ſ 


that place, to * the Tann more d n and on account c ; he 
convenience of landing, the ſort ſhoul 


Fort N NN dns ee z 
19 ven Ani 58 bog cy 
redoubts (Art. 68, 70% N are 2 5 
e * Lane 


+ Beside che forts: reer 
others, ſuch as ſquares, pen 


conſtructions as are the poly gons in the table, & . 29 & — 


| force ofddbe bbw — foce, ate much leſs; than thaſe, E 
n and uſually near the following numbers: 4 Gel f 2h 


p ſl 


Make the ſide or front about 180 yards; the . 
of a little lels 3 
with a diteb, if neceſſary, about 20 yards broad ee broadenough 
for a platform, and a parapet about 12 feet thick xt: 2 * Me, . 
The exterior ſides of forts: may be dere r . tha! 


nue of the ſpot 


; vx, on the conttary, to build a ſmall trifling 


It is not always — cn ro opnrenient, to make theſe. forts on; 


figures perfectly regular; for the ſituation may require ſome; of . its ſides. 
to be ſhorter than others: neither is it — 


be fortified with baſtions; or half-baſtions, at the angles; for there are 
many caſes, in which it will anſwer the purpoſe. equally. — or even 


| kit better, to make a baſtion on the ſide of a figure toward the middle; but 
ſttten the faces of the baſtion ſheuld be —— that they may be raked 
. dem the extremĩties of that ſide, by a defence of at leaſt 10 or 1g yards. 


In many caſes there needs no other than a direct defence from one, two, 


"a0 three contiguous batteries, making one, h * e lides, of the 


FD «Sol Rin 
7657. 180 |» Of proper Forts, and their 9 8 She hy as | — 
1 * place rhe ich the fort is to be built is a ſpot Lugar with 
af 12 1 on both ſides, the figure Fer be diſpoſed ſo 43 


t have one * two! of its fronts turned toward' each channel, by which 


means the batteries 1 in the flanks will ſcour both up and down the fiream, : 


wem. That p rt: to ſeaward m _ have à front extended along 

or have one of the points of the re directed that way, according-as it 
Way be judged moſt convenient ; = if before theſe fronts there * any 8 
e at which an enemy can 7 6 then one or more batteries ſhould be 
formed, that their guns ma 3 to bear on that landing place; 
goal outwork ſhould be bui t near 


be furniſhed with a 


Moan huge and Karon: ; the part next the harbour will be cufficient? 


own. up properly. flanked. Should the fituation be 
on a roe of ring the (dep e an enemy's landin 


e 


_ ſecured by a line 


1 good line, | 
Here, is & | 


Fg 


covering the troops * e, wil ſuffice. 


chat the figures. ſhovld 


On the other ide, it thoold — put 
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channel on one ſide fit He Pep 5 through, that ſide ſhould be for- 
tified as in the former caſe ; and Ty "enemy's boats ſhould get through 

in a ſtate of defence: but here a 

ny. it redan; furniſhed with à few. pieces of ſmall cannon, mayo 8 n 
1 [ficient defence againſt he boats. > 1: w. tate; cs 05 

| 7 188. When a fort is built ona point of the main the kind of diſpoſi= | 
tion uſed in the foregoing caſe, next to the channel, will alſo obtain in 
this: but it is neceſſary to take proper care of the land 1 


celle is more hadle to be attacked than in the former. In the 


of the land fide; the works —— de proportioned to the ſtrength of the 
enemy that may probably appear before it. For there are many places 


where there is no likelihood of of © ever ſeeing an enemy with a ſtronger force 


_ than can be exerted by à fleet df three or four ſhips of war; and as theſe 
cannot be furniſhed {ufitienty for undertaking a regular land ſiege, a 
well-flanked line; with a ditch, if properly defended; will — the 
place againſt the attacks of ſailors or marines unprovided with artillery: 
or ſhould a few pieces be brought againſt the place, their paſſage to it 
will be very dangerous, unleſs they can be brought near 24 to act 
under cover; and to leave ſuch a cover, would be an unpardonable over 
fight in thoſe whb had the care of conſtructing that fort. But when the 
importance of a place may bring before it a large fleet, and a land army 
propeſly appointed, iti the fortifications on the ur would be put 
in a f te capable of ſuſtaining a vigorous ſiegeeG. LAT Hr RE 
There are many low points on which batteries ning be wiel for the 
defence of a channel, over which a lofty:ſhip-may have a conſiderable 
command: in ſuch ports, proper traverſes ſhould be PR, chat the line 
of the battery be not raked by the ſhip's guns. 


189. In the conſtructions of all „ 


ure of the feweſt ſides and baſtions that can probably ani wer the pro- 
poſed "defences is ever to be preferred, as the works on ſuch plans are 
ſooner executed, and with leſs experce; beſides, fewer troops will ſerve, 
and they are more readily brought together in caſes of neceifity. And 
with regard to the executive part of ſuch werks, enough has been al- 
ready ſaid, only let it be obſerved that where ſtone and brick are ſcarce, 
and there is plenty of wood, then timber works are to be moſt uſed; and, 
on the contrary, ſtone ar brick earth being plenty, and wood ſearce, 
-maſanry is to be preferred: and let care be taken never to uſe ſea - water 
in the lime, not to make the parapet entirely of ſtone; for the ſplinters 
| driven about by the enemy's cannon, will make eee for the * 

| wee to ee on | their palin, 4 | | — 
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Notwithſtanding the forts built for the ſecurity of a harbour, or paſ⸗ 
 fage, there are mahyunſtancestimti might be produced to ſhaw/that ach 
fJorts ulöne ate not fit. Tbe great Sir: Walter Raleigh ſays, In 
*/thisige>arvaliantandijudicious wymefrber will riotfear-to paſs by the 
* dest appointed forerobiEwepe, with the help of a good tide vant a 
* fſeadng gale off wind; no, ahoughdfbttyqiieces of greathartillery open 
4 their meuths againſt him, andꝭthreaten to tear him in pieces. | 
„ In me beginning of 'QueeniElizabettts rig, when Denmark and 
% Sweden were at war, our Eaſtland fleet; bound: fot Liefland; was for- 


« digdeß by che- king of Denmark toren de, witii the akjects: of his ene- 


, mies, andi he threatened to ſinketheit, ſhips if they came through the 
e ſtreights of Hfineur. Notwithſtandiug this, our: merhante, having 
e a ſhip of her majeſty's, called the Minion, to defend them, made the 
a advefiture7varid ſuſtaining ſome volhes of ſhot, kept on their courſe. 
The king made all the proviſion he could to ſtop them en their re- 

& rough, leading. the way, did net only paſs with little loſs, but did beat 
down with artillery! a great part of the fort of - Elſineur, Which at that 
c time was not ſo well rampar'd, as perhaps now it is; and: the fleet of 
e merchants that followed him went tbrough+ without any wound re- 
5 * ceived. Neither was it long ſtce, that the duke of P. arma; beſieging 
Anttoerp, and finding no poſſibility to maſter it other wiſe than by 

“ famine, laid his cannon on the bank of the river ſo well to purpoſe, 
4 that he thought it impoſſible for the leaſt boat to paſs by. Yet the 
„ Hollanders and Zealanders, not blown up by any wind of glory, but 
coming to find a geod market for their butter, and cheeſe, even the 
poor men attending their profit, when alt things were extreme dear at 
* Antwerp, paſſed in boats of ten or twelve ton, by the- mouth of the 
„ duke's can uon; in deſpight of them, when a ſtrong weſtetly wind and 
.<. tideof flood favoured them; as alſo with a contrary wind, and ebbing 
4 tide, they returned back again: ſo as he was forced in the end to build 

& his fothads. overthiwart the river, to his marvellous trouble and charge. 
Phe fort of Sto Ahilip terriſied us not in the year 1500, when We en- 
<< tered the port: at Cadis; neither did the port at Pumal, when we were 
entered, beat us ſrom our anchoring by it, though) it played upon us 


e with four demi=cannon, within pointblank from ſiæ in the morning 
till twelve at noon. The ſiege of Offend, and of many other places, 
4 may be given for proof, how hard a matter it is to ſtop the paſſage of a 
A good ſhip, without another to encounter it. Yet it is true, that where a 
& fort is fo ſet as that of Angra in Tercera, that there is no paſſing along 
c peſide it, or that ſhips are driven to turn upon a bow-line toward it, 
4 Fae all help of wind and tide; there, and in ſuch places, it is of 
c great uſe and fearful: Otherwiſe not.“ ))». brig. 
5 „Bince Sir Walter's time; the Sound has been better fortified, yet in 
1700 Sir George Rook paſſed it, notwithſtanding the Daniſh fleet Jay 
to. impede his paſſage. The actions at Londonderry, Vigo, Porto Bello, 
Certliagena, and at many other places, are all ſufficient proofs, that wes 


.- 
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der forts nor caſtles can ſtop the enterprizes of the brave; and therefore 


it has been judged proper on many occaſions, beſides forts and batteries, 
to lay booms and other obſtructions in a ſtream, to ſecute the ſhipping 
there from the attacks of a powerful enem x. e 
7j)... ß 
Provide a great number of wooden battlings or ſpars of about 20, 30, 
or 40 feet long, more or leſs, and between 5 and 10 inches diameter. 
Then moor two boats, baving a ſheet-anchor in each, in the place near 
one ſide of the river where it is intended the boom ſhall begin; bend 
two cables to theſe anchors, and round them place the ſpars or poles, 
frapping on each with rattling; ſtuff, or better with four- inch rope, until 
the boom is 7, 8, 9, 10, or more feet diameter {according to the hands 
employed), the cables being in the middle; next, with iron hoops ri- 
vetted together, worm the boom, and drive through the hoop a nail into 
almoſt every ſpar. After having wrought a good birth for the anchors, 
droꝑ them, and continue the. work till it is brought near the other edge 
of the river, and there drop tuo anchors more, with the cables bent to 
them. Then over all laſh the ſpare yards and top-maſts with the top- 
Chains, ſo far as the chanel goes. J 
Jo that part of the cable within the boom, over the channel, let two 
or more cables be faſtened, and bent to anchors laid down the ſtream; 
over the elineh of theſe cables let batilings or ſpars be wrought for near 
ten fathams down the ſtream, that tue eneniy may not cut theſe cables. 
Theſe will be {erviceable waen tue enemy's {hips come ſem ings againſt 
the boom; for if he force it in one place, the whole will not be opened 
In places where wood is ſcarce, and proper ſpars are not to be readily 
had, or in- eaſes where there nal tine lufficient to prepare them, it 
may be found ſufflcient to woold two'cabirs together with old ropes, 
laſhing to them ine oars, top-maſt», and yards, and worming the whole 
about with iron hoop! :- and let every part be well payed with pitch, and 
mall gravel ſtrewed on it wuile the pitch is warm. A boom ſo prepared 
ahl cut, tf V 
It is in . caſes convenient to have the boom ſo contrived, as to 
open at one end for the paſſage of veſſels ; and this may be done ſeveral 
ways, one is to let one end of the cable be clinched to an end of a lar 
mooring- chain, the other end floating with a buoy; and this end fixed to 
the ring of the anchor by a ſhackle; Now the chain being looſed from the 
anchor at thę ehb with a ſlack hawſer fixed to it, Ron will. ſwing 
down the ſtream: during the ebb, and upon the flood the boom may be 
relaid, if the enemy appear in fight, which he muſt do the firſt of the 
-tide, for upon the ebb there is no danger of his coming; becauſe, if the 
Wind be right in, a prudent enemy will not adyenture againſt the tide, a 
- ſhip then making ſuch wild ſteerage ; and ſhould ſhe ground, ſhe muſt lie 
there till flodd, which may prove fatal to her from the batteries aſhore; 
and againſt both wind and tide the enemy cannot come in. On the con- 


Y 


bom. | 


N 80 trary, ſhould the boom be carried up the flood, and the enemy appear at 


the beginning of the next flood, the boom cannot be relaid till the ebb, 
and before that time the enemy may have accompliſhed his _— 17 


- 8 4 Gan. 


may c᷑auſe him to chop to anchor, and loſe time or his tide ; and this may 


| LEM 7 * Ben! in ek. N 


it by ſtriking with a force that comes direct; whereas, could the boom 5 
| that che ſhip muſt take it with her bow, the blow would be diverted by 


among his men cutting at the boom. And ſhould he not ſwi 


—— 
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192. If there be good fore of timber at hand, a fockado ma 
Giving, ſeveral: rows: of piles in the channel before the 2 ready — 
the depth of water be too great for this work, — 1 ·˖[˖ł„A 


uſefully applied in making a raft to ride beſote the boom Agood an-? 5 


1 1 ſo that the cables be made too faſt for the enemy to cut them, 
heſe rafts may be of ſingular uſe, by making fires on 2 when the 
enemy appears, which will put bim into ſome Conſternation, and perhaps 


be done each flood; obſerving not to have the ſmoke e into the works, 2 
which 0 give work een too 1 an e | 
F r ehe 84 
n wt S394 7 74.6; 
e tte Jer 
2 % 9 
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py E: Suppok the wind forth the mod} part lows: obliquely acroſs. the. 9 —5 | 


or channel on the ſtarboard on: gang 0p the ror. the boom be 
laid directly athwart the — t ips coming ; with the tide of 


flood, and a leading gale will run ſtemlings againſt in and poſſibly break 5 


be laid GEE athwart the river, nearly in a line with the winde fo 


the: ſhip's caſting : becauſe in this poſition the enemy cannot run em» 
lings againſt it; for in failing up the river, the ſhip muſt; be near before 
bu. wg and to bring her head to a boom laid obliquely, the helm 
muſt be put down, and then it is ten to one whether ſhe come to ſo 
nicely as to take the boom: not to mention the miſtakes which in the 


confuſion. may be committed by the man at the helm, and him upon the 


nor the ſmoke ; for excluſive of all theſe, it may be taken 


for 
Eat wn he ip would 2 . I 


tterĩies at the end of the boom on the larboard fide would 
ſore and aft, while the oppoſite batteries on the ſtarboard fide playing on 
his broadſide. with double-round and partridge, muſt make a great ſlaughter 8 


along» 
fide = boom, but lie ſtemlings.. againſt it, the batteries — — 125 
ſide of the river, which are to be made aboye the weather end of the 


A 0 the.zeſt of the ſhips, 220 MAIN judp 


SA nee in their power 


inſt che enemy's boats and fire-ſhips. From duly weighing the whole 
thels circumſfa — LarO =" 


"I * e 5 PA ab boom; 2 
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— and.if there is no other remedy, the people may get, aſhare to 
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bein f tlterefore if « double, triple, or foutfold boom were laid, if che 
matetials could be procured; and the value of the thipping and eargees 
wete of fuſicient: importance, it would make the place fo much "the 
Kronger; and the enterpriſe-of the enemy more Hazardous.” Ih reteli 
theſe booms, the trouble of many anchors may be ſpared by making 
te Gables en to the firſt, and ſo let them dea in ue en by a ſmall 
| e EO Rd el e Tarr er UNI," TIL 
#1 211905 rand rn SIN 0. 

W. 12 73 27 lay a | Boom i in he $a fo Rg. WE 5 * | 
From the point formed by a bend ſtretched two booms abode therckend 

nel, one toward the middle of the oppoſite bight, and the other ſo much 
higher, as to lie directly athwart the channel, leaving a kind of angular 
ſpace between them. 

Next the point from whence me two booms ſtretch, erect a rack fort 
or battery to command the channel below and above the bend. 
Oni the other ſide of the river erect anothet fort or battery againſt "hs 
|  bight a little above the end of the lower boom, and ſo. diſpoſed.” that its 

cannon may rake the channel coming up, as well as command both: the ; 
d N 

From ſuch a diſpoſition! it is a great hither if « "hip aiiſiver her hem 
fo tirnely in bearing or lnofirg about the point, as to take the boom ſtem- 
lings, and if ſhe ſmite it with her bow, ſhe caſts; and in either caſe ſhe 
th 1 be raked fore and aft by one fort, and have her broadſide battered . 

e other. 
Let ſome old veſſels be fitted up for fire-ſhips, and placed between the 
two booms; from each ſhip let two hawſers be carried aſhore, one on each 
ſice, and fixed to crabs pr capſtans ſet up; ſo that as ſoon as the enemj 
_ his 5 paſſed the firſt boom, theſe ſhips being ſet on fire; and heaved in thei 
Way, nothing can hinder the enemy's deſtrucion. As ſoon as fire is fe 
to the train, the boat may pull aſhore under covert of the ſhip without any 
apparent danger; for ſuch will be the enemy's conſternation, that they will 
foon' leave firing. © The hawſers may be faſtened to clamps below the 
water - line, that they be not burnt, nor in fight of tlie enemy to cut them, 
If the fire-ſhip is clapt aboard the weathermoſt ſhip, they may be both 
heaved together aboard another to lee ward. 1 

The ſhips to be defended, may be moored in à half. moon, with th6ib 
broadfides 10 laid, as ta batter the enemy when he attempts the boom: 


and if other works than what are here directed be judged neceſſary, they b 


ruſt be adapted to the ſituation of the place. } 
1 = When no ſtrong attacks by land are to be feared, t the moet 

: ips behind à point is beſt on account of laying the boom. Now 
mould the boom be forced, which muſt be upon the flood, a fire-ſhip, 

| inſtead of falling on board a ſhip thus moored, will, by the tide, de hu 

ried 8 der; and if che Gm be any ways favourable * the 5 0 


ee 
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- [ng It may be objected that ſhips. thus, moored cannot bring 44 
to bear upon 8 ny are — to force = woe and 

hat. be battered e enemy over int. Vo this it 
ty ut pon be, It is no NN ALES brckndes « do bear or not 
— perhaps it might be the beſt way to get the guns aſhore, if Lad 
time, to be there uſed ; and to put che {ſmaller ſort only on the lower 
deck, and turned to flank the boom. Secondly, The enemy will have 
but an uncomfortable birth in lying ts batter the ſhips over the point, as 
they will have to deal with the fire from the fortifications aſhore; What is 


here ſaid, is only to be underſtood when five or fix ſhips are to be de . 
n for the Ow of a yan would not: aan my har arg gat fleet? 


Nene ; i 
. Mexims whe aun fotifing « harbour r and moving g the ſp⸗ | 


| ping in it. f | FR £53 Ink FF 
uf Let all the Bbg cke be removed that may ate 15 d 
e into, ot up' "the river or harbour, when there is a Probability of 


Ata Schetic 
I. Chooſe ſuch a place, if poſſible, for erecting the Works © on, as 28 5 
de laid under water, either by haſty tains, or by any art of the enemy. 

III. Let. the eminences which command the works Kad vi gangen, 
mot, be {etured by erecting ſmall forts on them, furniſhed wi 


5 772 7 


"IV. An woods within cannon-ſhot- of the fortifications are ' vec Ice cut 
_ town, oe the timber ja oyed 5 wen 90 FT 2 

ure a ſpring of freih water by a fort an roper guar 5 oy . 
N * Take all the . fe the ONS. > that rd ide Fo as Pa 5 . At 7 


#15 


1 8 21 mn. 


pe et not the rags A moored, 8 one nes, BY PAY 
my may be obliged to burn each ſhip ingly... ee 

XII. Unrig the ſhips, and ſtrip the Tkrouds fr om the maſt-head, that 1 
_ the lings of fire-ſhips may have no hold... LILAC IGIES ee 

l. I. Let the fails be carried aſhore for — reg moſt of the 
nex's Kores.z, that if the worlt happen. to the ſhips, e men be ſtore 7 
ammunition for the forts. Ele: 

XIV. Ualels the cargo be aſhore, let not. the cheſts! nor 1 
pexſon, from the captain to the | acts. be. carried out of the ſhip ; that 
every man may have ſome induf Sora to exert himſelf in the defence. 

V. Let outguards and centinels be placed upon and near the banks 

of the rivet. or harbour; and let ſome hana in-nimble. boats, armed, * | 
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_ ®'Yefore the bodm is d, it will be neceſſary to appoint the place — 
- moor the veſſels, that they may be beſt ſecured from the ẽnemyꝰs fire- 
Sie and yet annoy their. win 85 war; and er can be only done 

2 8 


ran the ream, or out. rg ps diſadvantages i in n Both. | 
ies vl peée he re confide ret. fallt. IP $3 $0.71: 
ti tt N . 1 1 2 n H br nnd & ff; 85 4 


O e e Gmfiderations.in wering n te . e 
_ FinsT, The dvantages an enemy has M a ſbin moore in mi ftream. A 
Fmbored'in-the ſtream Will nd kane dificuleycin ein e broad - 
fide to gall an enemy in his approach, wy always comes with the ſtream ; 
and if the tige.x 7 aq ſwift for 0 e ie ath wart, it olg does ſo 
for the other ; aving ba rac le equally | good. a 
24. In this ge. — is no hihdęring a fre iin, that has paſſed? the 
boom] Hoch bein ng abba id yl, as Hotic but the chaſe · guns cambe brought 
rode on it; an d Von heste athwartz the enemy will be the ſurer 
Tf: i you," unlels by bringing your whole broadſide to bear'you 
= ' 1 K the officer; tHròügh want of courage? ſhould forſake the 
| 28 Or Wilk bring Ty aboard; beſides, in ſuch a poſition the 
* War may board JR, © and Ken moor: batteries aſhore” are 
. 


0. TH th KP the team the Ehbles are | epoſed to the enemy "which 
Void hit bj 9890 hüt, che ſhiß will ſwing upon. the tide, and the 
eben Hive the G por tuiſty of raking you fore and aft; and if the enemy 
das and Conduck, he may lay his anchors fo, that his cables ſhall be ſecure: 


from our thor | 
A 9 Shöule W ter iir abe Merle thie ein may drop a wall 
ahchor-our altern ve Veer athwart your” bew, and ſo conſtrain you- to alter | 
Ve 111 Ky You ford aft! | MENTED 2 
In rifingathiwart" the ſtream, the cables by bearing a e thah 

| ordinary ſtrain, are apt to break, or ſtart an anchor; then the tip. ſwing- 
ing on the tide, it is a great chance but the other anchor farts, and 'ſhe 

_ ſwings to lee ward. But theſe advantages are on the enemy's Tide. only 
- while the tide: ſets in; for the defendants have them when. the tide. ſets 
__. out: therefore, 4 in ſuch places where he. ſtream runs continually out wg 
beſt way is to moor in it, if the wind daes not wy eis „ ig 


"203, Srcpuv. The, ape 4 fp moored in a Atlan has over . 
| enemy, | Yo _ * > * gf 

aft Aﬀhip Gs A the aide lies comvennant . ee 
fore and aft in his approach, and ſo may,do kü ße e damage 
before he ig athwart the ſtream to hatter.. m . 

Ad. In riding thus in the ſtream, according to the-gommon ſituation | 
of rivers, thr-encmy cannot: batter you under coyert. n N 


200. TrumpLy. Haß morid out of the flream haf theſe dj 1 
ſt. That ſhe cannot rake the enemy fore and aft ſo well as while ſhe 
s in * ſtream, unleſs by ſome particular ſituation of the rs. - : 

e 


* 
LY 


r cer along: 3. or, if you lis 
pony: & but this 4 
0 e W 
| 2 — and if he let go — e-oeg 
ther he is adow the pine be may be tec before be 1 brought up 
4103 Fon rv. A Ap moored out of the . arr bat theſe advatttages.” 
Att. There is no danger of the fire-ſhips driving, abc T her, wn 2 
tected by a ſtrong wind. And for the — reaſon, the efiemy Binge | 
2 der e your hawſe, unleſs nd tows , es mne : 
2d. A ſhip ths moored n i Jeſs danger of diving | 1e Ney 
be ſhot. eit zi ni e and as lleg c 4 
5 - u 17 
* curl rh Wh nee n the ue 455 5 = 
FirsT. With regard to windward. * Aj ns; jo 1 
Be a the drains ef leg Fore þ am the, ks Fe | cauſe the 
S to drive to leeward ſhould you hit, | he Hop to 
| heave off by carrying an anchor to windward, ate will be: expoſed = 
20 $0, pour czanon 3 ad f, beats 2 gfe i: , Wale | . 
1 fore a of 4 7 coin; in 5 Th 
n while ſtand thick at 
up {> 2 could not be got of FOE 5 TY oy 
en to windward, the — are covered 
* and may be ſeized to 3 2 oy ld Late e * 222 7 . 
mooring 5 N 9 t ay ts hk 
venting the on vant wh S.. red to 4: 5 
0 Dich * that if their cables 2 drlve t c $2,008 af © 


wing head to the wind; fs eee be boarded by the enemy's 
re- or ſhips of war, and then, your, Apr e rendered fruit- 
leſs; if the latter, they _ be ra 2 


fore ENEMY 3,, a 
| ON ps os tip may div ler And be.er inded. 
203. SECONDLY: With regard to leward. | - „ 8558 u nh 1.0: 


A ſhip fo moored cannot prevent the enemy's being eut'an board . 


lefs a ſhoal or fockudo tic between Men.“ n 
In this poſition, ſhould you — cables; thug his-care.. 
in covering them with his hall; yet as he drives aſhore; ' or upon 


pou, his boats are > aaron nene et anchor %o 
EE 8 e 


. Beſides, your * * 10 dhe Gele, 3 
And ſhould they flag vo who 818 5 head at 4 and in — 
„„ you attempt to earry ohe an anchor hene your 


broadſide againſt the enemy, 79 — under nis com- 
mand]; indeed, inſtead of carrying out an anehor it cap be but to olap a 
ſpring upon die enbie, hut tis Will fail if the ſhip ie 00 ear abe ſnbre. 

Upon the whole, it appears deſt to moor tothe wintward'3n the. wabe 
of a low points, when ſuch 3 fituatian can be obtained ; but the cireum- 
ſtances being ſo various, it miſt be left to the ſudg went of the commander, 
— —— ben tenzen nn Ros week ebuſe-the beſt. 
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206. Of ſome remarkable action: concerning tb 
ern Bp „ 5677 "yh is nt IP 
tn, GHACKS. F ſhips. m fortified harbours. 1 Ss 
HFlaving ſhewn the methods that have been directed by experienced 
men, to be uſed in the defence of harbours, we ſhall now think of eloſing 
this work with the accounts of ſome of the moſt remarkable actions re- 
corded within the laſt 100 years, in which the-Engliſh have had any 
ſhare. This was thought uefa on two accounts; firſt, as examples to 
the preceding precepts ; and, ſecondly, to point out to the young mariner 
the means by which many have acquired great reputation and honour. 
207» - The battle of Santa Cruz, in the year 1657. | 
Santa Cruz is a townand bay on the weſt ſide of t i iſland of Teneriff, 
one of the Canary iſlands. The bay, which lies rather open than incloſed, 
has deep water near in ſhore; but oh beſt anchoring is about half a mile 
from ſhore, in 30, 40, or 50 fathoms water, black ſlimy ground: if 
there be many ſhips, they muſt ride cloſe one by another. The ſhore is 
in e bign land, and in molt places is ſteep to the water, pb 
Admiral Blake lying with ſome ſhips near Cadiz to watch for the re- 
turn of the Spaniſh plate fleet, had intelligence they were in the bay of 
Santa Cruz, in the iſland of Teneriff; he broke ground the 13th of 
April, and on the 20th arrived at Santa Cruz, where he found the Spa- 
niſh fleet, to the number of ſixteen, moored in the bay in a half- moon. 
Near the mouth of the bay was a caſtle well furniſhed with near 40 
heavy cannon; and- beſides that, there were ſeven forts round the bay, 
wich 6, 4, or 2 great guns in each, all united by a line of communication 
from fort to fort, and well lined with muſketeers Don Diego Diagues, | 
the | Spaniſh general of the fleet, upon ſight of the Engliſh fleet, cauſed 
the ten ſmaller ſhips to be moored cloſe to the ſhore, and ſet ſix great 
galleons, well manned, farther out at anchor, with their broadſides to ſea: 
In this poſture the*Spaniſh admiral vainly thought himſelf ſo ſecure, that 
a Dutch merchant ſhip going out of the harbour, he ſent a meſſage by 
him to Blake, that he might now come if he durſſft. 
The Engliſh admiral], having well viewed their poſture, ſaw it would 
be impoſſible to bring off the galleons ; however, he reſolved to burn 
them, and to that end ſent in Captain Stayner, commander of the Speaker 
Frigate, with a ſquadron to attack them. He ſoon forced his paſſage into 
the bay, whilſt other frigates entertained the forts and lines with continual 
broadſides; theſe: were preſently ſupported by Blat himſelf, with the whole 
fleet, ho placing ſome of his ſhips to batter the caſtles and other forts, 
he with Stayner continued to engage the galleons ; over which, in ſix hours, 
he gained 1 they had reinforcements of men ſeveral times 
from the ſhore) a complete victory. The Vice-admiral and Admiral 


were blown up in the engagement, and the reſt driven aſhore; where, 


notwithſtanding the fire from the forts, they were all ſet on fire by the 
Engliſh, and every one of them was burnt to the water's edge. They had na 
ſooner done this, than the wind luokily turned, and carried the fleet, witb- 


but the loſs of one (hip, out of the bay, and put them ſafe to ſea again. 


— 


ſtockadoes drove, armed with large iron ſpikes. 
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208. Type ation of Londonderry, in the year 1689. r 
Londonderry is a ſmall: but pretty ſtrong town in the north of Ire. 
land: it ſtands on the welt fide of the river Loughfoyle, about three miles 

from a lake of the fame name; which is about ten miles broad and fif- 

teen miles long, communicating with the ſea by a ftreight of about a 

mie in breadth, ſo that the town ſtands about eighteen; miles from the 
ſea. The river next the town is about I of a mile over, and keeps this 
breadth nearly between the town and lake, where its mouth is defended by 

- Culmore fort, which is a large ſquare with four baſtionnss.. 
This town was beſieged by the Iriſh and French in the year 1689, and 
the garriſon brought into great ſtraits for want of proviſions, the be- 


0: 


__ ©  - fiegers having ſtrongly fortified the river. There was a boom framed of 


a chain of cables, covered with timbers, ftretched atroſs the river about 
two miles below the town, from a point on the eaſt ſide: each end of the 
boom was defended” by a fort. Between the boom and Culmore fort 
were two other forts, one on each ſide the river, and another fort above 
tze boom oppoſite the town. The ſides of that narrow river were in- 
trenched and lined with muſketeers, and ſeveral boats were ſunk, and 
_ "Notwithſtanding all theſe preparations the boom was forced, the town 
relieved, and the ſiege raiſed, 354 aſſiſtance brought by three ſhips 
only, in the following manner: The Aonſſey of Derry, commanded by 
Captain Browning, and the Phænix of Colrain, by Captain Douglas, being 
"both laden with proviſions, were ſent towards the town, under the con- 
. voy of the Dartmouth frigate, commanded by Captain Fohn Leake. ' They 


were forced to ſtand a furious fire of the enemy from Culwmore fort, and 


from the forts and intrenchments' on both ſides of the river, which they 


received and returned with the greateſt bravery imaginable. 'The ont- 
in made à little ſtop at the boom, occaſioned by her rebound, after 


- Arikiog and breaking it, ſo that ſhe run a-ground. Upon this the ene. . 
my gave a lsud and joyful ſhout{though a dreadful one to the beſieged), 
fired all their guns upon her, and were preparing their boats to board 
her. The trouble and concern of the beſieged, to ſee their laſt hopes 
diſappointed, is not to be expreſſed; but by great providence, firing a 
broadſide, the ſhock looſened the ſhip ſo, that ſhe got clear and paſſed the 
boom. Captain Douglas was engaged all the while, and the Dartmouth 
ve the enemy very warm entertainment, till at length the three ſhips, 
1 overcome the great difficulty of breaking and paſſing the boom, 


1606 got into the city, and brought unſpeakable joy and tranſport to a garti- 


, which reckoned only upon two days life, having nothing left bot a 
nine lean horſes, and a pint of meal to each man. This brave ard -ſuc- 
- ceſsful undertaking ſo diſcouraged the enemy, that my raiſed the ſiege 
the next day, and retreated by night in the utmoſt confuſion; but made a 
moſt miſerable havock in the country, by robbing and burning all before 
J HH OUR e th 23 0 eg a arts 
Ilie boom appears to have been laid directly athwart the ſtream, and 
fo was eaſier to force, than if it had been laid obliquely acroſs. 
„ ane 17 ets HOY Fe 6009s 464,01 pg Thy 
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209. The action of Gibraltar, in the year 1693. 

The Engliſh fleet, under the command, of Sir George Rooke and Sir 
Thomas Hobſon, were convoying a very large fleet of merchant ſhips to- 
ward the Mediterranean; but falling in with the French fleet, under the 
command of Admiral Towrvilie, the Engliſh admiral. gave the ſignal for 

the merchantmen to ſhift for themſelves. Among others, four heavy- 
laden Turkymen ; namely, the Shandois, the Italian M:rchant, the Aſia, 
and the Layalty, ſtood away for the Spaniſh ports, and put into the bay of 
Gibraltar; where the commanders of the Furky ſhips, being hindered ' 
from proſecuting their vogage by ſome diſſenſion on board, and the fear 
of the French fleet, thought proper to fortify. themſelves. * _ 3 
For this purpoſe the commanders poſted their four ſhips in a line 
within the new mole, which ſtretches to the NW., with their broad= _ 
ſrdes flanking toward the north, or entrance into the mole; the ſhips 
were unrigged, and conſequently having no ſails to manage, they turned 
all hands to the cannon, bringing as many as they conveniently could to 
bear on one ſide. %%% ̃ ͤ—p“B¶g; “ 
On the SE. end of the mole, or land- ſide, was a caſtle, in which were 
mounted ten ſmall cannon, four pointing into the bay toward the weſt, 
three commanding the mole, and the reſt flanking the NE, ſhore. Op- 
* poſite to the mole-head was # kind of redent, very advantageouſly built 
to flank the entrance into the mole; but neither on this, nor the mole- 
head, had the Spaniards any cannon. From the caſtle there ran north- 
ward a line of communication, or a ſtrong ſtone wall, to the ſouth end of 
the town, where was a battery of cannon, but too far from the mole ta 
bde of any ſervice in defending it. OLE „ 
The Engliſh ſtretched a cable from the mole-head to the redent, the 
ee nds being bent to two ſheet anchors, and to this cable they laſhed their 
| fhare-yards and top-maſts, Upon the mole-head were planted. fix of the 
Shandois's guns to flank the boom, and this battery was committed to the 
care of ſome Engliſh ſeamen, who behaved themſelves very well. The | 
commanders intended to plant ſome guns at the other end of the boom "IM 
upon the redent, but being obliged to go through the caſtle, the draw- 
bridge broke, and down went the firſt gun that came upon it into a ditch 
near forty feet deep, with ſome of the Shandois's men; by this it may 
be judged in what condition the Spaniſh works and garriſon were. | 
In this poſture things were, when the French came into the bay with _ 
fourteen or ſixteen men of war and two bomb-ketches, and ſtanding 4 
within ſhot of the caſtle, the Spaniards ſhewed their dexterity in manag= 
ing their ordnance by firing about one ſhot in half an hour. The com- 
manders perceiving their aukwardneſs, ſent a r ee from on 
board the Shandois, andthe gunner's mate of the Loyalty, to their aſſiſt- 
ance, and ſome dozens of cartouches; but through want of judgment in 
the Spaniards they were both blown up. All this time not a ſhip could 
bring a gun to bear, and ſo without any damage the enemy paſſed by into 
the bay, where they anchored, | ; „ | 
In the afternoon they ſent down two men of war to view in what poſture 
che ſhips lay; as ſoon as they came within ſhot, the Engliſh fired briſkly 
at them; but before many 8 returged, they ſtood mm to 
TOS n : V their 
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three lines; which was all that could be done, the ſh 


% £ * i n 
ö * 


= 


their ſquadron, and continued quiet that day. Next morning a ſhip of 

upwards of fifty guns came toward the boom, and it proving calm when 
ſhe came within ſhot, there was pretty briſk Airing! on both ſides, fon 
which ſhe endeavoured to tow off, but her boats were ſunk from the bat- 


tery on the mole-head, and had not boats come from the ſquadron to "Her 
aſſiſtance, ſhe e ere been ſunk, having above 100 camon 
playing upon her from the Engfi 


firing over it, raked the Engliſh fore and aft; who, on account of their 
former diſpoſition could not bring one gun to bear upon the enemy, either 
from the four ſhips, or from the mole; under thefe cireumſtances, the 


commanders judged it beſt to fink the ſhips. In the evening the French 
ſtood out of the Boy and next day ſtood in again; and having poſted 
their two bomb-keiches againſt the caſtle and mole,” 
they ſent in a ſtore-ſhip which they had turned into a fire-ſhip, and burnt 
the upper works of three ſinking ihips; for the Italian Merchant's ſore“ 
caſtle being under water, ſaved the Shandois⸗ 


ſome men of war an 


210. Diſpoſition of the Engliſh fleet at Cadiz. 
.. The 16th of October Sir George Noate arrived in the bay of Cadiz 


with the fleet under his command, and on the 23ſt it was reſolved in a 
council of war, that as there were but 30 ſhips of the line, which was 


not a force ſufficient to oppoſe the enemy, who were expected to be above 


double that number, all that could be propoſed till the fleet ſnould be re- 


inforced from England, was to protect the trade. But leſt the French 


ſnould a 8 at Cadiz before this reinforcement arrived, it was agreed 
{hi 


that the ſhips / ſhould be removed within Puntal caſtle, and formed in 


but half manned, and the Dutch ſhips. very foul. 


| enn 
Theſe three lines were to be as follows: the firſt to conſiſt of the 


largeſt Engliſh ſliips, to lie from Pultal thwart the channel to the creek's 
mouth called Truccadero, next within the north caſtle; the ſecond to be 
compoſed of the ſmalleſt Engliſh and Dutch ſhips, along the ſhoal on the 
to begin from the upper end of the ſecond line, and to trench away thwart 
the channel, to the mouth of the upper creck, which goes to Port Real ; 


and the ſmall frigates, bomb - veſſels, and fice-ſhips, were to be poſted to 


the beſt advantage, as the wind and other circumſtances might permit. 
However the fleet was not attacked, and about the middle of March Sir 


George put to ſea on his return to England, and arrived in the Channel 


on the 22d of April. e 
- VE gt Ay f/ ͤ 0 ᷣͤ THAN: # OF DN HAre 
211. Fertifications in the harbour of St. John in Newfoundland, 1697. 
Commodore Norris being ſent with a fleet to recover Hygſon's bay, 
put into the harbour of St. 


14 


the ſtrength of the enemy, he judged it prudent to ſecure his force, that 


* 
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7 | 


EnvJlifh. *The enemy finding ſuch entertain- 
ment provided for them before the boom, ſent off four men of war ad 
the two bomb-tetches, which lying to the ſouthward of the mole, and 


ips being in general 


ohn in Newfoundland, upon hearing that a 
large French fleet were on the coaſt of North America; and not knowing 


4 
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it might be employed in. the mite 26.996, 608 on. He therefore put his; 
ſquadron, into a line of battle, which was gompoſed of four fourth rates, 
two fifth, and two ſixth rates, with two fire ſhips, two bomb: veſſels, and 
a hag- boat. TWO baums were laid acroſs the harbour, and Colonel Gib 
ſon's regiment, that was carried by the ſquadron from England, was diſ- 
embarked, and ſeveral guns mounted on eh aſhore. 
When the French ſquadron came in fight, the foregoing diſpoſition wa 
altered, All the men of var lay in a halt-moon, to the harbour's mouth; 
and each ſhip's broadſide commanded the two booms : Colonel Gibſon's 
regiment was poſted at the two batteries, and about the harbour's mouth, 
and Captain Richards (who was the engineer for fortifying the harbour) 
was making ſuch works as he judged neceſſary on this occaſion; and that 
the ſquadron. might be better able to do ſervice, all the men were taken 
from the merchant ſhips and put on board them. 1 
The French fleet made no attempt on the harbour; but, on the con- 
trary, were glad to find that the Engliſh had been miſinformed af their 


ſtrength, and ſo ſhaped their courſe for Europe. | | 


* 


212. pe battle of Vigo, in the year 1702. 


Monſieur Chateau- Renault arriving early in September at Vigo in Gal- 
licia, with the Spaniſh» galleons under his convoy, received information 
of the Engliſh and Dutch. fleets being before Cadiz; of which timely 
intelligence he made all the advantage he could in preparing for their re- 
_ ception. . IN, EL ES ; 

1 upper end of Vigo bay is a river running into the bay; up this 
river is Redondella harbour, which is ſurrounded with hills in fuch a man- 
ner, as to be capable of being made very ſtrong, the harbour's mouth not 
being above a muſket-ſhot over. On the north ſide the entrance. was a 
battery of eight braſs, and twelve iron guns, and on the ſouth fide a plat- 
form with twenty ſtately braſs guns, and twenty good iron guns, be- 
ſides a ſtone fort, with a trench about it, mounted with ten guns, and 
defended by 500 men, A little above the battery on the right, from two 
points in a narrow gut, was ſtretched a cable, to which was lathed maſts, 
yards, caſks, Wc. with their top chains, and frapped about wita four- 
inch rope very thick, The bight of the boom was rid by three anchors 
down the ſtream, that if the Englifh ſhips came ſtemling againſt it, 
they might not bring home the anchors upon the ſhelf at tie end of the _ 
boom; or if they cur it in one place, the whole might not be open. To 

" flank the boom, there was moored the L'Eſperance, a ſhip of ſeventy: 
guns, on the ſouth fide, and the Le Bourbon, a {hip of ſeventy-ſix guns, 
on the north ſide; alſo five men of war, of ſixty and ſeventy guns each, 
lay moored with their broadſides flanking the gut, The French admiral, 
to give him his due commendation, had taken all human precautions to 
ſecure his fleet. Ce ot tb * | TON 1 5 

When the confederate fleet came before the place, Sir George Rooke 
called a council of war, and it was reſolved to attempt the forcing of the 
harbour the next morning. As ſoon as the land- forces were got on ſhore, 
the 12th of October in the morning, the admiral gave the ſignal to 
weigh, the line was formed, and * ſquadron was briſkly bearing up te 
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the boom z but when the van was got within ſhöt of the batteries, it fell 


calm, ſo that an: were 'neceflitated' to come to anchor. A freſh pale 
ong after; Vice-admiral Hopſon, in the Torbay, = 
next the enemy, immediately cut his cables, -clapt on all his fails, and 


bearing up directly againſt the boom, amidſt all the enemy's fire, broke 

through it at once, caſt anchor between the L'Eſperance and Bourbon, 
and with unparalleled reſolution received ſeveral broadſides from them. 

The reſt of Vice-admiral Hopſon's diviſion, and Vice-admiral Vander- 


goe's, with his detathitient;' having weighed at the fame time, failed 


abreaſt toward the boom, to add the greater weight and force to the 
ſhock, but being becalmed, they all tuck, and were obliged. to hack and 
cut their way through; but a freſh gale blowin again, the Dutch Vice- 


admiral made ſuch good uſe of it, that having hit the paſſage which the 
valiant Hopſon had made, he went boldly in, and made himſelf maſter of 
the Baurbon. All this while Admiral Hepſon was in. great danger, for 
being clapt on board by a French fire-ſhip, by which bis rigging was 


preſently ſet on fire, he expected every moment to be burnt; but it very 
fortunately fell out, that the French 4 

man laden with ſnuff, and fitted up in, haſte for a fireſhip, being blown 

up, the ſnuff in ſome meaſure extinguiſhed the fire, and: preſerved Hopſons 


ip, which indeed was a merchant- 


ſhip from being conſumed, which however received very conſiderable 
damage in this action. At the ſame time Captain Bokenham,' in the 
Aſſectation of ninety guns, laid his broadſide againſt a battery of ſeven- 


teen guns on the left fide the harbour, while Captain Myvell in the Bar- 
| fleur, a ſhip of like force, was ſent to batter the fort on the other ſide. 


Thus for a long while there was a conſiderable firing of great and ſmall 
ſhot on both ſides, till the French admiral ſeeing the platform and fort in 
the hands of the Engliſh, his fire-ſhip ſpent in vain, the Bourbon taken, the 


boom broken, and the confederate fleet pouring in upon him, he ſet fire | 
to his own ſhip, and ordered the reſt of the captains under his command 


to follow his example, which was done in great confuſion; yet could he 


not be. ſo punctually obeyed, but that ſeveral men of war and galleons' 
were taken by the Erzhfh and Dutch.—In this action it ſhould be ob- 

ſerved, that the ſucceſs of the fleet was in a great meaſure owing to the 

land- forces under the command of the Duke of Ormond, who not only 


dcrxrdve away ſcveral bodies of troops deſtined for the defence of the ſhore, > 


but alſo took the Taſtle and platform on the ſouth ſide, which mi ght other - 


out 


—_ 


Vile have done great damage to the fleet. 


213- : : ; 1 . The action of Car thagena, in the year 1741. 


Ciarthagena, one of the beſt towns the Spaniards have in South-Ame- 


rica, lies on the Caribbean Sea, almoſt due ſouth of the caſt end of Ja- 


' - maaica, An irregular ſhaped peninſula, running in the direction of the 


: > 


ſea-coaft, nearly north and ſouth, forms a fine harbour of about ten miles 


long, and in ſome places about two miles broad: near the north end of 
this harbour ſtands the city, its NW. fide being waſhed by the ſea, which 


being very ſhoal and rocky to ſome diſtance from the ſhore, together 
with a great ſurf, hinders the town from being moleſted to ſea-ward; On 
the ſouth: * the harbour is an entrance called Boca-chica, of about 
177 1 
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one third of a mile broad, with ſufficient water for the largeſt ſhips. The 
north fide of this entrance is near a mile long, running eaſt and weſt, and 
the ſouth ſide not above balf that length; juſt within this paſſage, on the 
ſouth ſide, lies a ſmall iſland, between which and the eaſt end of the north 
fide is about one fourth of a mile. e fd A PINEEN 8 
In the ſpring of the year 1741, England being at war with Spain, an 
expedition againſt Cartbagena was undertaken by the Engliſh ; the fleet 
was under the command of Admiral Vernon, and the land force was con- 
ducted by General Wentworth: the Spaniards, apprized of the deſign, 
made an excellent diſpoſition for the reception of their enemies, who 
found the following impediments to their failing into the harbour. 
Near the eaſt end of the north fide of the entrance, ſtood a well-built 
regular ſquare fort called Boca-chica caſtle, two of its baſtions com- 
manding the paſſage, the walls of ſtone, and mounted with 82 cannon 
and three mortars ; and at the weſt end were the forts of St. Philip and 
St. Jago, ſerving as redoubts to the caſtle, and guarding a ſmall, bay 
| Where there was tolerable landing. On the weſtern end of the ſouth 
ſhore, called the Barradera, was a faſcine battery of 15 heavy cannon, 
about five of which commanded to ſea-ward, and the reſt flanked the 
weſt ſhore of the other fide, and even the caſtle itſelf, On the ifland 
ſtood St. Joſeph's fort with 21 guns; between this fort and the caſtle was 
ſtretched a boom obliquely acroſs the paſſage; and above this boom Were 
moored, ina line commanding the boom, four men of war, each carrying 
re . EE es „„ 
Three Engliſh 80 gun ſhips, in about three hours cannonading, 
| obliged the enemy to retire from the farts of St. Philip and St. Jago; 
and the army was landed, encamped, and formed the ſiege of the caſtle: 
eight days afterward, the camp having been much galled by the Barra- 
dera battery, it was attacked, burnt, and moſt of the guns ſpiked, by the 
boats of the fleet, under the command of Captain Boſcawen but the 
Spaniards, knowing the value of that battery, repaired it; and by its fire 
ſo much interrupted the progreſs of the army, that ſeven days after its 
firſt deſtruction, three ſhips were ordered to lie againſt it and the boats 
of the fleet were again manned, under the command of Captain Hatſon, 
when they effectually deſtroyed the whole battery. Two days after, on 
the 25th of March, while Bocha-chica caſtle was ſtorming by the army 
through the breach they had made, the Admiral ſent thE-ſhips boats, un- 
der the command of Captain Knowles, to attack St. Joſeph's fort, which 
he took poſſeſſion of about ten o'clock at 1 * and alſo of the Gallicia, 
the Spaniſh admiral Don Blaſs's ſhip, the Spaniards, upon hearing the 
Engliſh huzzas at the caſtle, having abandoned the caſtle, St. Joſeph's 
fort, and the four ſhips, which were already ſcuttled for ſinking to 
barr up the paſſage; but the enemy, in the utmoſt panic, had not time 
to. follow their orders, ſo that * two of their ſhips were ſunk, and a 
third they ſet on fire. Captain Knowles immediately ordered the boom 
to be cut, and. opened the. paſſage, through which Admiral Vernon with 
the fleet failed the next morning: and now the Engliſb having poſ- 
ſeffion of the harbour, the neceſſary diſpoſitions were made for gaining 
the town: but here they failed; and the officers. thought it better to 
retire with their fleet and army, than to ſtay longer in a country, the un- 
«vi e | | wholeſome 
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214. The proceedings. of the' Engliſh in the" river Hughley, in Bengal, in 
"LA e India, 1757. FFCCCF he 
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In the year 1756, the government of Bengal devolving on a nabob in 
te French intereſt, he, on a frivolous quarrel, diſpoſſeſſed the Engliſh of 
moſt of their ſettlements cn the river Hughley: but the governor of 
Calcutta, and many of the factory, ſecured themſelves, and part of their 
effects, on ſhip-board, and fell down the river out of the nabob's reach. 
To regain theſe places, and to puniſh the nabob and the French for 
their perfidious dealings, Admiral Watſon, commanding the flect, and 
Colonel Clive the land-forces, entered the river Hughley. On the 1 5th 
of December the army was landed, and, in tion with the fleet, 
attacked and took every place of defence on the river up to Calcutta, 
which they retook on the 2d of January, 1757; and before the 11th 
the _ the town of Hughley, which they plundered, and afterward 
On the 5th of February, Captain Warwick, at the head of a party 
ſeamen, by the Admiral's order, joined Colonel Clive, and the ſame day 
they gained a victory over the nabob's army, which obliged him to make 
a peace, ver N ä ha ave 
Aſterward, Colonel Clive having taken all the French poſts in the 
neighbourhood of Chandenagore, except one between the fort and the 
river, Admiral Watſon, who was proceeding up the river to ſecond the 
land operations, found himſelf obliged to come to anchor about two miles 
below the place; for the French had done every thing in their power to 
obſtruct the paſſage of the Engliſh by ſinking two ſhips, a ketch, a hulk, 
a ſnow, and a veſſel without any maſts, all directly in the channel, within 
|  gun-ſhot of the fort, and laying two booms, moored with chains, acroſs 
The Admiral conceiving that a paſſage might be found between thoſe 
| ſunken veſſels without weighing any of them, ſent by night ſome expert 
perſons, under the direction of Mr. Delamot, maſter of the Kent, who, 
without being perceived by the French, found out'a ſufficient channel, 
and ci the booms; which being effected, and the boats on their return, 
Delamot“ hung up a light at the maft-head of one of the ſunken veſſels, 
at Which the enemy kept up a conſtant cannonade during the night. 
On the 24th the Admiral paſſed through this channel with three ſhips, 
aud coming abreaſt of the fort, he anchored ; and in leſs than three hours, 
after'a very briſk firing, the enemy hung out a white flag, and ca- 
 pitulated, noty/thſtanding they were 1200 Rrotig, had 183 cannon, and 
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Perhaps Delamot, to cover his laſt operation, hung up the light at a 
Jiſtance from the place where he was at work, to draw the enemy's hre clear 


ſtpm the people employed. 
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three mortars. Captain Latbam was ſent to receive the keys, and take 
poſteſſhion of the fort, and colonel Clive, with the king's troops, marched 
inmhhn vv 4 61 Per wet Os TON Lon bo 


213. O the fate e Louiſburg, in 1758. 


Louiſburg is a ſtrong town in the iſland of Cape Breton; it ſtands at 
the SW. end of a very fine day, which extends NE. and SW. above 
two miles in length, and is about three quarters of a mile in breadtnhg: 
the entrance, of about one quarter of a mile hroad, is near the middle of 
the bay; its ſouthern ſide is formed by a cluſter of iſlands, in one of which 
ſtood à large battery, called the Iſland Battery, of 36 guns; and on the 
cCoaſt oppoſite the entrance ſtood the royal battery of 42 guns, with a co- 

. vered way and glacis before it. In the harbeur were 13 fail of ſhips, 
moſt of them lying to the NW. of the town, ready to defend it on the 
harbour fide, and to impede the approaches on the land: fide: the garriſon _ 
was about 4,000 ſtrong, had about 220 cannon, 18 mortars, and was well 
ſtored with proviſion and ammunitioooooo . 
On the 28th of May, the fleet under Admiral Boſcawen, and the army 
under General Amher/t,” aſſembled before Halifax, and on the 2d of 

3 they anchored in Gabarus Bay, about two miles to the SW. of 
3 8 but on account of the blowing weather, nothing toward 
landing cbuld be done till the 8th, when ſeven: frigates'drew near f. ore, 
ald for abbut a quarter of an hour cannonaded the French defences 
thrown up along ſhore; and then the boats landed the troops aàmidſt a 
very heavy fire, both of che French muſketry and cannon, and a moſt 
dreadful ſurf, which overſet and ſtaved ſeveral of the boats, and drowned 
nany ſoldiers; and upon the whole there were above 100 boats loſt in 
| landing the troops and proviſions, 3 e 1 Y t | FRE 771 

On the 12th, Brigadier Wolfe was ſent round the harbour to the 
north ſide of the entrance, to conſtruct a battery near the light-houſe, 
and thence to ruin the iſland battery. He drove the enemy from all their 
defences on that fide, took ſeveral cannon, and by the 20th had com- 
pleted the light-houſe battery, which, with the fire from the ſhips, 
ſilenced the iſland ty by the 25th. The light-houſe battery being 
conſiderably ſtrengthene e and intrenched, Brigadier Wolfe 

was eres round with his detachment and cannon, aud to advance to- 
ward the welt gate, and to“try to deſtroy the ſhipping. He took poſt on 
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The 29th, the French ſunk four ſhips in the harbour's mouth with 
their maſts cut down ; and on the 21ſt of July; one of their ſhips was ſet 
on fire by a ſhot from the marine battery; this fire communicating to 
two others, the three were burnt. * the night of July 25, Admiral 
Boſcawen detached the boats of the eet in two ſquadrons, under the 
command of the Captains Lafory and Balfour, to take or burn the only 
two French ſhips then in the harbour. The boats going ſilently along 
the middle of the harbour, the noiſe of the oars was not heard at land, 
nor at the ſhips till the boats were nearly alongſide; and then the cou- 
rage and activity of- the ſeamen rendered all reſiſtance uſeleſs: dne 5 the 
N e le | e ips, 
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the! boats were ., out, and theſe ac machines towed : aſhore 
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ſhips, the Prudente of 74 guns, being aground,-they ſet her on fre; and 
the other, the Berta Ree, guns, they hut from fer anchors, Sr 
towed into the NE. harbour amid the fire of the N and cannon 


from the town and other places. 


In fine, the batteries of the Engliſh being, « opened, well ſerved, and 


well directed; and the enemy's ſhips,” and many of their defences being 
ruined ; they though: proper 5 capitulate on the 26th of toe and the 
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10 BBRG, the Kapital of the Fee daminions in. {MOLE FAA 


Ws Rands on the NE. bank of the great river St. Lawrence, about 360 


miles from its mbutb, and on the ſouth ſide of the river St. Charles; 


ard neger . St. Lawrence on the north of the bh, 


forms: a fintʒ about three miles in length and breadth; the 


anjd NE, pets rs terminated ;by the: iſle. of Orleans, which is a moſt de- 


lightful and we K. cultivated ſpot about twenty miles ſong and ſeven broad, 
ue by the river St. Lawrence. The greateſt part of Quebec ſtands 


on a rocky hill, in ſome places. heat fifty feet above the river; and on a 
ſmall ſtrand at the foot of the hill is built the part called the Lower 
Towns the big land ſtretches up the river St. Charles, and alſo, with a 

Reep-front;: for: many leagues up the river Sti Lawrence. The town 


was fortifiad: and well defended by many batteries; and), an army 


about 10, eo men, under the brave and cautious, General Montcalm, 
© 


ogcupied poſts well intrenched, at every acceſlible. ſpot, for an extent $ 
near five. miles on the ſide of the 3 Charles, . which was imagined | 

to be the only part where the town could be approached by an enemy: 
theſe poſts had in front a Kl between nem end the river, And! 


2 woods ſinrtheir rear. e FEET 


2 he. 22 iſn army, of about 7,000, „ by, ener thats, | 
by Admiral Saunders, who; commanded-the fleet, on the 27th 


| i wa wow) on ther iſle of Orleans and on the 29th of. June a detachment 
drove the enemy from Point Levi, a high promonto N on the ſouth ſhore 
8 n 


of St. Lawrence, which commanded the baſon, and even the town of 


7 Quebec: and ftom whenoę the Engliſh batteries conſiderably. damaged 


the Upper Town, | and; entirely ueſtroyed the Lower one;; and about the 


ſame time a detschment took poſſeſſion of the woſte rn point of the ifle of 


Orleans, which alſo commanded the baſon, Admiral Saunders, wh 
his: diviſion of the fleet; was poſted. below the town in the north chan 


and Admiral Holmes, with bis diviſion, was ſtationed above the town, to 
divide the enemy's attention, and guard the batteries playing Rs the town. 


ad works. 107 7 rn 
„On the zZoth of June, out Didnight, fix frethips;: ell prepared 
for burnin 3 being covered with a; compoſition that burat. a 


55 conſiderabſe time, were almoſt in an inſtant lighted up, and made a moſt 


terrible e They came down with a gentle breeze and a ſtrong 
tide. toward the middle of the fleet, then riding in the north channel, 
pretty eloſe to one another ;; but this being expected by the Aae, 
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on the Iſle of Orleans, where they burnt quietly without doing any 
miſchief; The enemy's, next attack was by a raft of fire-ſtages com- 

poſed. of fir logs, each ſtage about the ſize of a long - boat; theſe were 


laſhed together, filled with combuſtibles, loaded piſtols, and gun- 


barrels, and turned adrift toward the ſhips, but with no better ſucceſs 
than the other: the whole was about 200 feet long, and made a fine 


bonfire. ; A x 1 23 renne niere % 3188» 3 "FT 
General Wolfe having encamped on the gth of. July at Montmo- 


renci, on the continent below the town, and tried, during almoſt two 
months, ſeveral ways to bring the enemy to a battle, (all which were 
fruſtrated either by the difficulties of the place, or the vigilance of Mont 
calm), determined to try what could be done above the town. He 
therefore removed the camp to Point Levi on the oppoſite ſhore, and 
Admiral Holmes's ſquadron made for ſeveral days ſome movements 


up the river, the Engliſh army advancing at the ſame time along the 


ſouthern fide ; while M. Bouganville, with a body of 1,500 French troops, 
proceeded along the northern fide to watch theſe motions. On the 


I2th of September, about midnight, the Engliſh were embarked in 
the flat-bottomed boats, and fell filently down the ſtream, the enemy 


being amuſed up the river by Admiral Holmes. The boats landed on 
the north fide, not exactly where it was intended, and the troops were 
obliged to ſcramble up a woody precipice, which however they effected, 
diſperſing a captain's guard poſted there, and the army was formed by 


daylight. > 


While this was doing, in order to draw Montcalm's attention an- 


other way, as had been concerted, Admiral Saunders ordered all the 


boats of the men of war and tranſports, well filled with men, to feign, 
an attempt on the French intrenchments below the town. The num- 
ber of boats, and the manner in which this falſe attack was con- 


ducted, kept the French general too much alarmed to think what might 


be doing above the town, and which he could ſcarcely believe when 
informed of it; but being convinced, he aſſembled his troops and 
marched to attack the Engliſh. Both armies drew up with great cir- 
cumſpection; and the French advancing, began the engagement with 


a galling though irregular fire; which was received and borne with 


great patience, till they were come to the diſtance of 40 yards; then 


the Engliſh poured in ſuch a well- aimed and dreadful fire, that the French 


army immediately ſtaggered; and being puſhed with a true Britiſn 
ſtpirit, they broke and yielded up the victory. This deciſive battle was 


followe 


country. 


217. The late wars, particularly the laſt, have furniſhed many ex- 
amples of ſea engagements, and of the attack of ſtrong places on the 
| ſea-coafts; where both the ſea and land officers have ſhewn them 
ſelves poſſeſſed of all the military knowledge, which good ſenſe and ex- 


perience could produce, beſides that intrepidity ſo natural to Bri- 
ons: the few examples here ſelected, chiefly to illuſtrate. the laying of 


- . booms, are neither the moſt intereſting, nor thoſe where Britiſh valour 
fo | | | | _ has 


Aan the ſurrender of Quebec, by capitulation, five days after; 
ngliſh troops took poſſeſſion of that city and its neighbouring 
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